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Since the adoption of the Millennium Development Goals (MDGs) in 2000, substantial 
progress in improving child health and reducing child mortality rate has been made in the 
last one and half decades. Despite the achievements, for a populous county like China, there 
are still 181,574 children under five years old who died in 2015, most of them were 
preventable. Under the new Sustainable Development Goals (SDGs), information about the 
distribution of causes of death and time trend for child mortality should be updated to inform 
policy and research. In this study, I aim to estimate the causes of death in children younger 
than five years old in recent seven years from 2009 to 2015 with a focus on the year of 2015 
and provide an update causes of death predicting model for China. 
Methods 
Updated data of under-five mortality rates and number of live births at national and 
provincial levels were obtained from the National Maternal and Child Mortality Surveillance 
System, the National Maternal and Child Health Annual Reporting System and the Chinese 
Bureau of Statistics by systematically searching, and then adjusted by United Nation's 
Inter-agency Group for Child Mortality Estimation. A systematic review was also conducted 
from high-quality community based longitudinal studies of different causes of death in three 
Chinese and one English bibliographic databases, a single proportionate cause-of-death 
modelling based on the Child Health Epidemiology Reference Group method was developed 
to estimate the number of child death according to proportional causes in different age group 
at both national and provincial levels. 
Results 




month, 21.6% occurred during 1-12months, and 27.6% were from 1-4 years old. The leading 
causes of death in 2015 were preterm birth complications, birth asphyxia, congenital 
abnormalities and pneumonia for children under five years old. Different models were 
constructed for different age group which can be applied to predict the proportional 
distribution of causes of death for the following years. The causes of death spectrum changed 
dramatically among different provinces with different development levels, especially for the 
proportions of infectious diseases and congenital abnormalities. 
Conclusions 
As an update analysis, this study validates the accuracy of the previous study and proposes a 
new statistical modelling method to predict the proportions of most common causes of child 
death in China which can be adopted in further related studies. Furthermore, this study offers 
the most up-to-date estimates of causes of child death in China from 2009 to 2015, with 
these estimates, targeting strategies on reducing child mortality, especially for neonates, 
should be made toward the top causes of neonatal diseases, congenital abnormalities, and 
infectious diseases, with special attentions on the difference between different regions with 







Child health is widely regarded as a priority issue of every nation (Currie & Reichman, 2015; 
Stein, 2005). Under-five mortality rate (U5MR), which estimates the probability of dying 
between birth and the fifth birthday, is typically expressed as the number of deaths per 1,000 
live births (UNICEF). It is a useful indicator that measures not only the level of child health, 
but also overall development of a society (Haroun, Mahfouz, & Ibrahim, 2007; Reidpath & 
Allotey, 2003). Since the adoption of the Millennium Development Goals (MDGs) by 189 
member states of United Nations (UN) organization in September 2000 (Gaffey, Das, & 
Bhutta, 2015; You et al., 2015), global and national estimates of U5MR have been routinely 
reported to track the progress towards MDG 4, which calls for a reduction in child mortality 
by two-thirds from 1990 to 2015 (Wardlaw, You, Hug, Amouzou, & Newby, 2014; Way, 
2015). In this study, I will explore the progress in reaching the MDG4 in the largest 
developing country - China. It is widely regarded that China has made the most impressive 
progress in reducing its child mortality in the 21st century and it could therefore serve as a 
model to many other low- and middle-income countries (LMIC). I will study the changes in 
child mortality levels and focus on establishing the causes of death (COD) in different 
under-five age groups. I will attempt to determine the cause structure among neonates (<1 
month), post-neonatal infants (1-12 months) and children aged 1-4 years (12-59 months). 
Ultimately, I will summarise the COD for all children in the age group 0-4 (0-59 months), as 
shown in Figure 1.1.  
This chapter will provide an overview of the current child mortality and its historical 






Figure 1.1 Definition of important age groups in children under 5 years 
1.2 Civil registration and vital statistics 
Civil registration and vital statistics (CRVS) system is an administrative legal registration of 
civil events (Abouzahr et al., 2014; World Health Organization, 2013a, 2014a), such as births, 
deaths, marriages, divorces and fetal deaths. Vital statistics is based on information generated 
from civil registration systems. Universal CRVS with a complete coverage in the population 
is the best way for tracking all births and deaths (World Health Organization, 2013b, 2015a).  
CRVS provides information on life events and it records all births and deaths at the national 
level. CRVS is fundamental for providing rigorous data on mortality and COD, and for 
generating demographic and health statistics for the population. The information obtained 
from CRVS can usually be used to produce timely and reliable population estimates to guide 
policy and programs (Mathers, Ma Fat, Inoue, Rao, & Lopez, 2005; Moriyama et al., 2010; 
World Health Organization, 2013c). The demand for complete, accurate and timely CRVS 
has been increasing over the past two decades to track progress towards public health related 
goals and targets (AbouZahr et al., 2015; World Health Organization, 2015a). 
Internationally, the UN collects, compiles and compares national vital statistics data and uses 
this information for regional and national comparisons (Mahapatra et al., 2007). The 
coverage of vital registration varies widely between countries - from almost 100% in the 




some countries where the vital coverage is high, the data on COD are still far from 
satisfactory (World Health Organization, 2014b). It is estimated that among all 115 countries 
that report mortality data routinely to the World Health Organization (WHO), only 64 have 
good quality mortality data coupled with COD (Jha, 2012). Globally, there are still more than 
100 countries without functional death registration system. As a result, up to 80% of deaths 
that occur outside of health facilities are not counted, and nearly 230 million children under 
five years are not covered with a vital registration system (World Health Organization, 
2014a).  
1.3 Death classification 
Correct classification of COD is an important component of CRVS. Data on COD provides 
valuable information that influences public health decision making, which can then improve 
the survival of children and adults (World Health Organization, 2014a). Internationally, the 
most widely used tool for recording COD is the International Classification of Diseases and 
Related Health Problems (ICD), which adopts triple alphanumeric digit codes to unify the 
diagnoses. The international standard classification is currently in its 10th version (ICD-10). 
The adoption of ICD-10 allows comparisons among different countries, areas and time 
periods (World Health Organization, 2004). In China, ICD-10 is widely used as the reference 
system for medical diagnosis of diseases and deaths (G. Yang et al., 2008).  
1.4 Main mortality data sources in China 
In China, the most populous country in the world (Population Pyramids of the World from 
1950 to 2100, 2015), a complete and universal CRVS coverage has not been achieved until 
recently. However, sample-based longitudinal registration systems, based on representative 
surveillance sites, have been in use for some time and they became the most valuable sources 
for national mortality statistics (Setel et al., 2005; World Health Organization, 2014b), other 




be used in addition to sample-based surveys to provide reasonably reliable data for the entire 
Chinese population (Mathers et al., 2005; Setel et al., 2007). 
1.4.1 Mortality data for the population of China 
1.4.1.1 National Mortality Surveillance System 
Before 2013, the Chinese CRVS included two systems: the vital registration system of the 
Chinese National Health and Family Planning Commission (NHFPC) (the former Ministry 
of Health) and the sample-based disease surveillance points (DSP) system of the Chinese 
Center for Disease Control and Prevention (CDC). The vital registration system was 
established in 1973 and started to collect data of vital events. By 2012, this system covered 
around 230 million people in 22 provinces, helping to provide valuable information on both 
mortality and COD patterns, although the data were not truly representative for the whole 
China (Beaglehole & Bonita, 2009). DSP was established in 1978 to collect data on 
individual births, deaths and 35 notifiable infectious diseases in surveillance areas (Zeng, 
Poston Jr, Vlosky, & Gu, 2008). By 2004, there were 161 sites included in the surveillance 
system, covering 73 million persons in 31 provinces. The sites were selected from different 
areas based on a multistage cluster sampling method, leading to a very good national 
representativeness of the DSP (S. Liu et al.; Yu et al., 2015). From 2013, the above two 
systems were merged together to generate a new “National Mortality Surveillance System” 
(NMSS), which currently covers 605 surveillance points in 31 provinces and 24% of the 
whole Chinese population. The selection of surveillance points was based on a national 
multistage cluster sampling method, after stratifying for different socioeconomic status to 
ensure the representativeness (S. Liu et al.; Setel et al., 2005). However, because of its high 
underreporting rate among children under five years (as high as 35.0 % according to 
under-reporting field survey) (K. Guo et al., 2015) and the poor performance of linking birth 




official data source on child mortality (Rao, Lopez, Yang, Begg, & Ma, 2005; G. Yang et al., 
2005).  
1.4.1.2 National Retrospective Survey on Causes of Death 
Another main source of information on COD structure in China is the National Retrospective 
Survey on Causes of Death (NRSCD), which is also called the "Cancer Epidemiology 
Survey". There have been three NRSCD in China, which were conducted to collect death 
information for 1973-1975, 1990-1992, and 2004-2005 respectively. In these surveys, the 
age, sex and COD were recorded for each death (Banister & Hill, 2004). The first survey was 
conducted at the national level between 1973-1975, covering about 850 million persons and 
identifying about 20 million deaths (Zou, Wan, Dai, & Yang, 2012). The two subsequent 
surveys were both sample-based surveys that used random cluster sampling design. The most 
recent, third NRSCD, covered 73 million persons in 160 counties and 53 areas with high 
cancer incidence (J.-B. Wang et al., 2010; Ling Yang, Parkin, Li, & Chen, 2003). It 
retrospectively investigated all deaths reported by DSP in the study areas. The high-quality 
data on mortality and COD made NRSCD one of the most reliable sources on COD in China, 
especially on the issue of cancer prevention and control (Ling Yang et al., 2003; J. Zhao, 
Jow-Ching Tu, McMurray, & Sleigh, 2012). 
1.4.1.3 National census and inter-census surveys 
Reliable and complete data on population-level mortality can also be derived from direct or 
indirect estimates based on censuses (World Bank Group, 2015). In China, the National 
Bureau of Statistics (NBS) has conducted six national censuses: in 1953, 1964, 1982, 1990, 
2000 and 2010. The aim was to collect accurate information on the national demographic 
features. The overall quality of these censuses was regarded as very high, with net 
under-enumeration rates of only 0.116%, 0.0014%, 0.04%, 0.06%, 1.81% and 0.12% for the 




2005; Z. Zhao & Chen, 2011). Since 1982, NBS regularised the census, so that it is held once 
in every ten years, each time in the year ending with ‘0’. During the inter-census periods, 
national sample surveys based on 1% of population and a stratified multi-stage sampling 
were also conducted every ten years, each time in the year ending with ‘5’. As these sample 
surveys were similar to the formal censuses, they are also referred to as “mini-censuses”. The 
national 1% population surveys have already been conducted in 1987, 1995, 2005 and 2015 
respectively (Cao, Yuan, Wang, Mao, & Zhu, 2009; National Bureau of Statistics of the 
People's Republic of China, 2014). In addition, National Sample Survey on Population 
Changes (NSSPC) was also being conducted by NBS annually from 1983 during the years 
when there was no census or mini-census (McNicoll, 2015), using a similar design as the 
censuses and mini-censuses. 
Based on the above censuses and surveys, NBS publishes demographic data with a wide 
coverage of the whole population. The reports are published annually in the NBS statistical 
yearbooks. Mortality data can also be obtained from these yearbooks. However, the use of 
the mortality data is limited because of the lack of COD details (McNicoll, 2015). 
1.4.2 Mortality data for children 
1.4.2.1 National Maternal and Child Mortality Surveillance 
system 
National Maternal and Child Mortality Surveillance (MCMS) system was established in 
1996 based on three independent surveillance systems, which were: (i) population-based 
maternal mortality surveillance system; (ii) population-based child mortality surveillance 
system; and (iii) hospital-based birth defect surveillance system (Du et al., 2012; Liang et al., 
2011). In 2007, the number of surveillance sites expanded from 116 (37 urban and 79 rural) 
to 336 counties/districts (126 urban and 210 rural) in 31 provinces (autonomous regions and 




geography and economic development, these sites can be further categorised into three 
regions: East, Central and West, with the East region being the most developed and the West 
region the least. The East region includes Beijing, Tianjin, Liaoning, Shanghai, Jiangsu, 
Zhejiang, Fujian, Shandong, and Guangdong; the Central includes Hebei, Shanxi, Jilin, 
Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan and Hainan, the West includes Inner 
Mongolia, Guangxi, Sichuan, Chongqing, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, 
Ningxia, and Xinjiang (Department of Maternal and Child Health, 2013). 
A stratified cluster sampling method was used for the selection of surveillance sites to ensure 
the sites were distributed evenly across the 31 provinces (autonomous regions and 
municipalities), and that the sites are nationally and regionally representative. Data from this 
system can thus be used to provide national and regional estimates, but not estimates at a 
provincial level. 
The surveillance contents, case definitions, reporting methods, and quality control are 
unified across all surveillance sites within MCMS. The basic contents include: 
1) The number of live births, the number of children aged 1-4 years and the number of 
overall population; 
2) The number of deaths for children younger than five years of age and their 
corresponding COD; 
3) The timing, locations and distribution of deaths for of children younger than five 
years of age; 
4) The basic situation of health care services for children younger than five years 
(Department of Maternal and Child Health, 2013; Du et al., 2012; Liang et al., 
2011). 




child death, or inbound/outbound migration of a child during the surveillance period. Once a 
death occurs, the community/village doctor is responsible for reporting it to the community 
health center/township hospital within ten days. Upon receiving this report, a specialist in 
charge of maternal and child health (MCH) organises a home visit to verify the death within 
seven days. A national unified “death report card” is used to record the death related 
information. When a child dies at home or on the way to a hospital, a “Questionnaire of 
Child Death Outside of Medical Institutions” is used to conduct a verbal autopsy. The 
established COD is then recorded in the “Death Report Card” (see Appendix Table 1). 
When a child dies in a hospital, the “Death Report Card” would be completed based on the 
diagnosis from the hospital. All death causes are recorded as the primary COD and coded 
based on 35 causes categorised by MCMS specifically for children (see Appendix Table 2 
for the causes used for classifying child deaths). ICD-10 would be assigned automatically in 
the electric reporting system after the causes set by MCMS are entered in the computer 
system.  
Quality control of the MCMS consists of two parts: the attention is firstly focused on a 
possible under-reporting of either live births or deaths, and then the focus is placed on a 
possible COD misclassification. For the part of quality control process relevant to 
under-reporting, different methods are used to conduct cross-checking, e.g. checking original 
records and various registrations (such as birth registration, maternal registration, registration 
of family planning, public security registration, vaccination cards, etc.). For COD 
misclassification, a team of specialists is invited to review all the reported deaths and their 
causes every 3, 6 or 12 months at the different levels of surveillance units, aiming to 
minimise the misclassification error. The provincial MCMS administrative office annually 
checks the MCMS death list against all the child deaths recorded in NMSS, which also helps 




1.4.2.2 National Maternal and Child Health Annual Reporting 
System 
The National Maternal and Child Health Annual Reporting System (MCHARS) was 
established in the beginning of 1980s. This is another registration system that specifically 
records the births and deaths of mothers and children. It is therefore another important source 
that could illuminate women and children’s health situation. MCHARS should theoretically 
cover the whole population of China. Its information is obtained from the county level in 
rural areas, and from the level of districts in urban areas (Feng, Theodoratou, et al., 2012; 
Gan et al., 2014; Kuruvilla et al., 2014; Yanqiu, Ronsmans, & Lin, 2009). All data are 
collected based on ten report forms (Department of Maternal and Child Health, 2013):  
1) “Maternal health annual report form”; 
2) “Hospital delivery monthly report form”; 
3) “The health situation of children under seven years old report form”; 
4) “Non-resident maternal and children’s health situation annual report form”; 
5) “Common gynecological disease screening annual report form”; 
6) “Contraception operation annual report form”; 
7) “Intermediate induction annual report form”; 
8) “Family planning counseling and follow-up services annual report form”; 
9) “Disabled children and contraception operation complications annual report form”; 
10) “Pre-marital health care annual report form” 




level Bureaus of Health before the total number of live births from all administrative areas in 
one province is collated and reported to the central MCHARS office (Cao et al., 2009; Feng, 
Theodoratou, et al., 2012; Y. Wang et al., 2015). As a national statutory vital registration 
system, MCHARS collects routine information on births and maternal and child deaths in 
both rural and urban areas across the whole country (Feng, Theodoratou, et al., 2012). 
Despite its nationwide coverage, MCHARS suffers from possible underreporting and lacks 
details on COD in children. For these reasons, data from MCHARS are of limited use for 
estimating the COD in children and MCMS should be preferred (Gan et al., 2014).  
1.5 Child mortality 
1.5.1 Global profile 
Globally, the child mortality estimates for 194 countries are reported annually by the United 
Nation's Inter-agency Group for Child Mortality Estimation (UN IGME). UN IGME 
includes the United Nations Children’s Fund (UNICEF), WHO, the World Bank, and the 
United Nations Population Division (UNPD). In its estimates, it relies on multiple sources of 
data. For countries with complete and timely CRVS which continuously record births and 
deaths, this is the best source. For large countries, like India and China, well-functioning 
sample surveillance systems can be an alternative option. In other developing countries, 
large-scale household surveys and even censuses (summary birth histories), such as the 
UNICEF-supported Multiple Indicator Cluster Surveys (MICS) and the United States 
Agency for International Development (USAID)-supported Demographic and Health 
Surveys (DHS) are the main sources (WHO, 2013). Based on the different data sources and 
quality, different modelling methods are applied to produce comparable country-specific 
estimates of U5MR (Alkema, New, Pedersen, & You, 2014; World Health Organization, 
2011; You et al., 2015).  




made towards improving children’s survival in the world (Figure 1.2). The U5MR has 
halved from 91 (Boy-89, Girl-92) deaths per 1,000 live births in 1990 to 43 (Boy-41, Girl-46) 
deaths per 1,000 live births in 2015, and the number of under-five deaths has also dropped 
from 12.7 (Boy-12.6, Girl-13.0) million in 1990 to 5.9 (Boy-5.7, Girl-6.4) million in 2015 
(UNICEF, 2015c). 
 
Figure 1.2 Global under-five, infant and neonatal mortality rates and the number of 
deaths from 1990 to 2015 (source:(UNICEF, 2015a)) 
*Note: the shaded bands in Figure A are the 90 percent uncertainty intervals around the 
estimates of mortality rates. 
Despite the above advances, there are still 16,000 children younger than five years who die 
from preventable causes every day (United Nations, 2015a). Moreover, a considerable equity 
gap between different socioeconomic strata still exists in most countries (UNICEF, 2015b) 
(Figure 1.3). Children from rural, poor or low-maternal-education households are much 
more vulnerable: on average, children in rural areas are 1.7 times as likely to die before 




children in comparison to the wealthier groups, 1.5 times greater for children whose mothers 
have no education in comparison to primary education, and 2.8 times greater for children 
whose mothers have no education in comparison to a secondary or higher education 
(UNICEF, 2015a) (Figure 1.3).  
 
Figure 1.3 Ratio of U5MRs for children by residence, wealth quintile and mother’s 
education, 2005-2013 (source: (Way, 2015)) 
*Note: data are based on the MICS and DHS survey that took place between 2005 and July 
2013. Data from most recent survey in that period are used for countries with multiple 
surveys. Data by wealth quintile are based on 55 surveys, data on education are based on 59 
surveys, and data on residence are based on 60 surveys. 
In addition, although a considerable progress has been made in most regions in the world, 
achievements differ between countries (see Figure 1.4). Some 50 countries (Table 1.1) will 
fail to achieve the MDG 4 according to "Countdown to 2015" (a review system to measure 
progress in maternal, newborn and child health worldwide) final report (Victora et al., 2015; 





Figure 1.4 Global distribution of U5MRs, 2015 (source: (World Health Organization)) 
Table 1.1 Number of countries according to MDG target 4.A Achievement status, by 
WHO region, 2013 (source: (World Health Organization, 2015b)) 
WHO region 









African Region (AFR) 6 2 25 14 47 
Region of the Americas (AMR) 5 3 24 3 35 
South-East Asia Region (SEAR) 5 2 4 0 11 
European Region (EUR) 23 4 26 0 53 
Eastern Mediterranean Region (EMR) 6 2 12 1 21 












1.5.2 China profile 
The estimates of UN IGME revealed that the U5MR in China had declined from 53.8 per 




MCMS also reported that the U5MR in China has dropped dramatically - from 61 per 1,000 
live births to 12 per 1,000 live births between 1991 and 2013 (Figure 1.6) (National Health 
and Family Planning Commission of the People's Republic of China, 2014). This progress 
made China one of the most successful countries in achieving MDG 4: not only did China 
manage to reduce the mortality of children under five years of age by two thirds, but also it 
reached this target eight years in advance of the year 2015 (National Health and Family 
Planning Commission, 2014; You et al., 2015). The newly launched 17 UN Sustainable 
Development Goals (SDGs) framework proposed a new measureable target for child health: 
it requires that the overall U5MR drops to at least 25 per 1,000 live births for all countries 
(United Nations, 2015b). In China, this has already been achieved at the national level, 
according to the above data. 
 
Figure 1.5 The estimates of U5MR in China from 1990 to 2014 (data source: UN 
IGME) 
*Note: Lower, median and upper of the data dots refer to the lower bound, median and upper 





Figure 1.6 The trend of U5MR in China from 1991 to 2013 (data source: MCMS) 
However, another requirement in the SDG 3 which calls for an end to preventable deaths of 
newborns and children under 5 years of age remains unrealised. Despite the current positive 
factors, such as the rapid economic growth, the development targeted central government 
and China’s special and demographic circumstances (declining fertility rates, etc.) (Ministry 
of Foreign Affairs, 2015; United Nations Development Programme China, 2015), for a 
populous and diverse country like China, this goal is still challenging: the total number of 
children who died before their fifth birthdays is still huge (UNICEF, 2015c), especially in 
rural areas. The number of under-five deaths occurring in China (about 236,000) in 2013 
accounted for 4% of all under-five deaths globally (UNICEF, 2014a). In addition, there are 
also large disparities in child mortality rates between the rich and the poor, as well as 
between the urban and the rural regions of the country (Ministry of Foreign Affairs, 2015; 
UNICEF, 2014b; Yi et al., 2011). According to the latest estimates of U5MR for 2851 
Chinese counties, there were still 345 counties (12% of all Chinese counties) lagging behind 
in achieving the MDG 4 pace of decline from 1996 to 2012, which represented a total 




et al., 2015). The vulnerable groups cannot always be served effectively by the current MCH 
programs. This is especially true for the fast growing migrant population coming from rural 
areas and inhabiting the big cities (E. Y. Chan, Griffiths, Gao, Chan, & Fok, 2008). Targeted 
efforts are required immediately to end the growing inequalities by the year 2030 (Thomsen 
et al., 2011; United Nations, 2015b).  
1.6 Causes of death in children 
The leading COD in children are very different from the causes among adults (Field & 
Behrman, 2003) and they vary among different regions (UNICEF, 2015a). Information on 
COD is important for health policy development and continuous monitoring of the progress 
in reducing child mortality (França, de Abreu, Rao, & Lopez, 2008).  
1.6.1 Global profile 
Lack of reliable cause-specific information on child mortality has been a long-standing 
major obstacle to producing consistent and internationally comparable estimates of COD in 
children, and thus for tracking progress in achieving the MDG4 (World Health Organization, 
2005).  
To improve the estimates of the cause-specific proportional distribution of deaths in children 
under five years, the WHO established the external Child Health Epidemiology Reference 
Group (CHERG) in 2001 (Bryce, Boschi-Pinto, Shibuya, & Black, 2005). Funded by the 
Gates Foundation, this group of technical experts developed a standard set of procedures to 
estimate the major causes of child deaths globally, regionally and nationally. The total 
number of deaths of children under five years old was set as the "envelope", based on U5MR 
estimated by UN IGME. Then, according to the COD data availability and accuracy, 
different models were applied in different countries to produce comparable country-specific 




with complete and high-quality CRVS, COD were estimated directly from the CRVS data by 
grouping causes into standard ICD groups, or by reassigning causes that didn't seem 
comparable to ICD classification. In countries with low U5MRs (≤35 deaths per 1,000 live 
births) but incomplete CRVS, a vital-registration-data-based multi-cause model (VRMCM) 
was applied to estimate the proportion of each cause. In countries with high U5MRs (>35 per 
1,000 live births), a verbal-autopsy-data-based multi-cause model (VAMCM) was applied 
(Bryce et al., 2005). In India, as a special case, a state-level multi-cause model was 
developed based on 45 study data points. It was derived from the "Million Deaths Study" 
and all-India sub-national verbal autopsy studies. In China, as another special case, a set of 
single-cause models based on a systematic review of 206 independent local studies into 
causes of child mortality was developed (L. Liu et al., 2012; Rudan et al., 2010). 
According to the latest WHO statistics report, the main COD in children under five years has 
changes in the last decade from 2000 to 2012, with large reduction occurring among 
infectious diseases, such as pneumonia, diarrhea, measles and malaria (Figure 1.7). The 
progress was slower among congenital causes, preterm birth complications and accidents. In 
2013, the leading causes were preterm birth complications (15%), pneumonia (15%) and 
intrapartum-related complications (11%), and almost half (44%) of the causes occurred in 
the neonatal period (Figure 1.8) (L. Liu et al., 2015). 
 




(World Health Organization, 2015b)) 
 
Figure 1.8 Global COD in children under five years in 2013 (source: (L. Liu et al., 
2015)) 
Although massive progress has been achieved in infectious disease reduction, infectious and 
other preventable diseases still claim a large number of child lives around the world, 
especially in sub-Saharan Africa and South Asia. This calls for new targeted interventions - 
such as new vaccines - and better quality of maternal health care to reduce all preventable 
causes, especially for the top causes in the neonatal period (L. Liu et al., 2015; Requejo et al., 
2015).  
1.6.2 China profile  
To address the underlying COD in children under five years in China, Rudan, Chan and 
colleagues conducted a study on behalf of CHERG that estimated the COD in children under 
five in China in 2008. Their estimate was based on a systematic review of the Chinese 




searchable databases such as China National Knowledge Infrastructure (CNKI) and 
WanFang data. Based on the information extracted from 206 studies, they proposed 
epidemiological models for estimating proportions of different causes based on the overall 
U5MR (Rudan et al., 2010). Since then, this study has been widely cited and adopted when 
addressing the issue of the causes of child mortality in China (Black et al., 2010; L. Liu et al., 
2012), especially in the WHO datasets such as the Global Health Observatory data repository 
(L. Liu et al., 2012; World Health Organization).  
According to the most recent estimates of the WHO and the Maternal and Child 
Epidemiology Estimation group (MCEE, former CHERG), more than half (61%) of the 
causes occurs in the neonatal period. In comparison to the global distribution, where the 
deaths in the neonatal period still contribute to less than 50% of all deaths, there is a clear 
need to focus the attention in China on neonatal deaths. This will require high quality health 
care provision for the entire period of pregnancy and newborn period (Figure 1.9) (NWCCW, 
2014). 
 





Further improvements in child health in China will critically depend on new sources of data 
on the specific COD that will inform policy and practice and identify priorities (L. Liu et al., 
2012; L. Liu et al., 2015; Stein, 2005). At the global and regional level, the CHERG 
cause-specific estimates have been updated regularly (Bryce et al., 2005; L. Liu et al., 2012). 
However, the estimation methods of COD in children under five years in China was 
established based on independent studies published between 2000 and 2008, which now 
represents a considerable time-lag and requires an update. The very point of the MDGs target 
- the year 2015 - marks a symbolic time for updating progress on child mortality and revising 
its COD predicting models for children under the age of five in China.  
1.7 Research objectives 
This study follows from the previous analysis by Rudan and Chan in 2008 (Rudan et al., 
2010). The aim is to conduct an entirely new search of the literature to include all 
informative studies published in the Chinese literature and other sources between 2009 and 
2014. It will then use the obtained information to revise and advance the methods used to 
estimate the causes of child deaths in China in the period 2009-2015. This study will not 
only explore whether the cause structure of child deaths has changed in comparison to the 
period 2000-2008, but also it will "validate" the previous estimate because the estimates for 
the year 2009 should closely resemble those for the year 2008, but they should be based on 
entirely new dataset and improved models. This resemblance, if demonstrated, would serve 
as a successful "replication" of the initial set of estimates and it would strengthen our 
confidence in the estimated cause structure for China throughout the entire period 
2000-2015. 
The objectives of this thesis are:  
1. Acquiring the information on national-level and province-level U5MRs and the 




in China in the years of 2009-2015; 
2. Systematically reviewing the available Chinese literature, as well as all other sources, 
to develop a new dataset with COD in the years 2009-2014; 
3. Developing epidemiological models that will predict the proportion of deaths in the 
period 2009-2015 that occur in the neonatal (<1 month), postneonatal infant (1-12 
months), 1-4 years (12-59 months) and 0-4 years (0-59 months) period, to create the 
"envelopes" for these particular age groups; 
4. Within each age group, developing epidemiological models that will assign COD to 
all deaths based on a province-level U5MR and epidemiological single-cause models 
that are based on information from independent studies acquired through systematic 
review; 
5. Estimating the COD structure in children in China for each of the year 2009-2015 at 
both national and province levels. 
1.8 Outline of the thesis 
My thesis will be organised in four main sections: Introduction, Methods, Results and 
Discussion. In the Introduction part, I already presented the background and rationale for this 
research and I reviewed the relevant existing information on child mortality and COD 
structure, with a special focus on China. In the Methods section, I will present a detailed 
methodology description, including the overall approach, systematic review procedures, data 
sources used, the design of the study and statistical modelling methods. In the Results 
section, I will present the findings in a structured and systematic way. Finally, in the 
Discussion section, I plan to discuss the overall merits and limitations of the thesis and 






2.1 Data sources 
In Chapter 1, I listed five available sources of information on child mortality in China: 
NMSS, NRSCD, NBS census, MCMS, and MCHARS (Mathers, Boerma, & Fat, 2009). 
They differ substantially in their reliability, validity and applicability to different problems. 
NMSS reports the mortality and COD covering the entire life period ranging from 0 to 100+ 
years, but its performance is questionable whenever there is a sole focus on child deaths. The 
issue with NRSCD is that they were conducted retrospectively and therefore suffer from a 
substantial recall bias and under-reporting. The NBS census provides the most reliable 
national-level demographic data, e.g. number of live births, but it doesn't provide 
information on COD (G. Yang et al., 2005). Because of these problems, MCMS was 
established especially for monitoring the COD in children under five years. Its aim was to be 
representative only for the entire nation, or the three large regions at best, but it is not 
representative of the provinces or counties. MCHARS has an advantage of covering the 
whole population of China with great density, so it can provide U5MR at the level of 
particular provinces, but it does not collect information of COD in children (Yanqiu et al., 
2009).  
2.1.1 Child mortality data 
As mentioned above, the problems with under-reporting, recall bias and lack of information 
on COD limit the use of the data from NMSS, NRSCD and NBS census, respectively. NBS 
can still be used to obtain demographic parameters of interest, such as number of live births 
or population size. If the aim is to focus on child deaths, the two main sources in China are 
certainly MCMS and MCHARS (Mathers et al., 2009). In this study, I will use the 




MCMS, as reported in the latest “China Health and Family Planning Statistical Yearbook 
2014” (former China Health Statistics Yearbook before 2013), which is considered as the 
most reliable assessment for the estimates of national-level U5MR.  
However, MCMS data is nationally representative, but does no offer U5MR estimates at the 
provincial level. Given that my approach to modelling will require province-level U5MRs, 
there are two possible sources: (i) MCHARS (as explained above); and (ii) provincial U5MR 
estimates published by Institute for Health Metrics and Evaluation (IHME) (Institute for 
Health Metrics and Evaluation (IHME), 2015). Data reported by MCHARS were collected 
by systematically searching provincial yearbooks and local government reports for the 31 
provinces in Mainland China (except Hong Kong Special Administrative Region, Macao 
Special Administrative Region and Taiwan) in 2013. U5MR estimates by IHME was based 
on various modelling methods, including small area mortality estimation model, 
spatiotemporal smoothing, and Gaussian process regression (H. Wang et al., 2014; Y. Wang 
et al., 2015). The two sets of estimates have clearly been based on different data sources and 
the latter re-scaled the under-reporting by adjusting for completeness (Y. Wang et al., 2015). 
In Figure 2.1, I presented the province-level U5MRs from both MCHARS and IHME. The 
two sources show a very similar pattern of U5MR variation in different provinces, but the 
estimates by IHME are systematically higher than those from MCHARS. Given the known 
U5MR for the whole China (from MCMS and UN IGME), and the population of children 
(and the number of live births) in each province, it is easy to conclude that the estimates by 
IHME fit the national-level U5MR "envelope" very nicely when added together, while the 
estimates from MCHARS are implausibly low - which is consistent with the assumed 
under-reporting in MCHARS. Because of this, in my study, I used the estimates by IHME as 





Figure 2.1 Comparison of U5MRs in 30 provinces of China in 2013 bases on data from 
MCHARS and estimates by IHME (data source: (Institute for Health Metrics and 
Evaluation (IHME), 2015; National Health and Family Planning Commission of the 
People's Republic of China, 2014)) 
2.1.2 Number of live births 
There are also two main sources of data for the number of live births at both the national and 
provincial levels: MCHARS and the NBS estimates. The collection of live births data in 
MCHARS is the same as the counting of deaths: it is conducted by a local health worker and 
then reported to higher institutions. The provincial number of live births is then gathered by 
adding all live births in each county/district. Similarly as the counting of deaths, it is likely 
that the reporting of live births in MCHARS also suffers from under-reporting, at least to 
some extent.  
The NBS estimates are based on national censuses, inter-censual surveys and NSSPC, the 
estimates of live births are not presented in the statistical yearbooks directly as absolute 
numbers, but they can be calculated through birth rates and population at year-end. NBS 









In the above formula, “number of births” refers to live births, and “annual average 
population” is the average of the number of population at the beginning of the year and at the 
end of the year. 
Using the above reported birth rates and population at year-end, the provincial and national 
live births numbers are calculated using the following formula (Cao et al., 2009). 
Number of live births
= Birth Rate
× (
"𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑦𝑒𝑎𝑟 − 𝑒𝑛𝑑" + "𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑙𝑎𝑠𝑡 𝑦𝑒𝑎𝑟 − 𝑒𝑛𝑑"
2
) 
Previous studies on China’s child mortality have tended to use the estimates of live births 
from NBS because they are more robust than estimates from MCHARS (Cao et al., 2009; 
Rudan et al., 2010). In recent years, the UNPD's estimates of live births in China, as well as 
UN IGME's, are beginning to converge closely to NBS estimates from China. For this reason, 
my study will also be based on live births estimates from UNPD and UN IGME's, which 
closely resemble those reported by NBS. 
2.2 Systematic review 
2.2.1 Overview  
As explained in Chapter 1, no information about COD patterns in children under five years 
at the province level can be obtained from the existing surveillance systems (or surveys). To 




which bases the prediction of the proportional contribution of each major COD in each age 
group on the overall underlying U5MR. The models and relationships between the U5MR 
and the specific causes are based on relevant studies identified in the Chinese datasets 
through systematic review of the Chinese literature. To retrieve all independent and 
informative studies conducted in mainland China in the years that followed the last 
CHERG's estimate, a systematic review was conducted to derive related information form 
community-based longitudinal multi-cause studies. During the last decade, the amount and 
quality of Chinese medical research has increased substantially, which made it an important 
new source of information for the global health epidemiology (Cohen, Korevaar, Wang, 
Spijker, & Bossuyt, 2015; Xia, Wright, & Adams, 2008).   
Three major Chinese literature databases and one English literature database were searched 
for the systematic review: CNKI, Wanfang Data, VIP Database for Chinese Technical 
Periodical (VIP) and PubMed. CNKI is an electronic platform created to integrate significant 
Chinese knowledge-based information resources. It includes searchable databases with 
full-text manuscripts from Chinese academic journals, statistical yearbooks, doctoral/masters 
dissertation theses and proceedings of conferences. It contains more than 73 million research 
articles, about 272,730 PhD Theses, 2,418,493 Masters Theses and more than 2.5 million 
conference papers in the Chinese language (CNKI). Wanfang data and VIP are similar 
literature databases which cover different amount of articles, theses and conference papers 
(Cohen et al., 2015; Y.-m. WANG & SHI, 2012). Another English database PubMed was also 
included to search English-language articles about COD in children in Mainland China. 
2.2.2 Search strategy 
In order to identify the most appropriate search strategy, I conducted a pilot systematic 
review in CNKI and Wanfang databases in April 2015 by applying the search strategy shown 




To specify the children group, I applied Chinese language terms “ertong”, “xiaoer”, “youer” 
(all refer to “child”), “yinger” (refers to “infant”), “yingyouer” (refers to “infant and child”), 
and “xinshenger” (refers to “newborn/neonate”). These terms can cover different age groups 
for children under five years old. For death causes, the terms I applied were “siwang”, 





Table 2.1 Pilot search strategy in CNKI and Wanfang 
Database Access date 
Subject 
category 





CNKI 19/04/2015 Medicine & 
Public 
Health 





(“ertong” OR “xiaoer” OR “youer” OR 
“yinger” OR “yingyouer” OR 
“xinshenger”) AND (“siwang” OR 










(“ertong” OR “xiaoer” OR “youer” OR 
“yinger” OR “yingyouer” OR 
“xinshenger”) AND (“siwang” OR 






The pilot search captured all the relevant papers that were also being identified through 
much broader search terms, which confirmed the desired level of accuracy for my preset 
search terms and I applied them in the final search strategy. To ensure that all possible 
informative studies are included, I conducted the final literature search using comprehensive 
search, instead of "title only" search, in all four databases: CNKI, Wanfang, VIP and 
PubMed (Garg, Hackam, & Tonelli, 2008). The search was conducted in Aug 2015 and the 
final search strategy is presented in Table 2.2. Note that search strategies for each literature 
database are slightly different based on their specific search features. All source articles 



























(SU % 'ertong' + 'xiaoer' + 'youer' + 'yinger' + 'yingyouer' 
+ 'xinshenger' OR TI % 'ertong' + 'xiaoer' + 'youer' + 
'yinger' + 'yingyouer' + 'xinshenger' OR KY % 'ertong' + 
'xiaoer' + 'youer' + 'yinger' + 'yingyouer' + 'xinshenger' 
OR AB % 'ertong' + 'xiaoer' + 'youer' + 'yinger' + 
'yingyouer' + 'xinshenger') AND (SU % 'siwang' + 
'shengcun' + 'siyin' OR TI % 'siwang' + 'shengcun' + 
'siyin' OR KY % 'siwang' + 'shengcun' + 'siyin' OR AB % 















(subject: (ertong) + subject: (xiaoer) + subject: (youer) + 
subject: (yinger) + subject: (yingyouer) + subject: 
























PubMed 06/09/2015 Not 
applicabl
e 
Not applicable (((death* OR mortality or survival) AND (child* OR 









2.2.3 Study criteria 
Based on standard CHERG methods, only independent, community-based, longitudinal, 
multi-cause studies were included in my study (Rudan et al., 2010). This is because studies 
conducted at hospital sites tend to have poor representativeness of the surrounding general 
population, especially for children in poor rural areas where the access to hospitals is not 
universal (Adams & Hannum, 2005; Lanata et al., 2004). Moreover, studies conducted 
retrospectively would introduce recall bias, so I only included longitudinal, prospective 
studies. I excluded the studies that only reported single cause, or that didn't give any 
breakdown by cause; single-cause studies tend to overestimate the reported cause, so only 
multi-cause studies were included. Furthermore, I applied some additional criteria to ensure 
the quality of included studies. The detailed inclusion and exclusion criteria are: 
Inclusion criteria 
1. Community-based study of the COD in children aged 0-4 years; 
2. Multi-cause studies; 
3. Studies with more than 100 observed deaths; 
Exclusion criteria 
1. Multiple publications of the same study; 
2. Studies with no breakdown of deaths by cause or age; 
3. Studies with no reported numerical estimates; 
4. Unclear study design (prospective/retrospective) or unclear definitions; 
5. Retrospective studies; 
6. Studies where no overall U5MR was reported; 
7. Studies with inconsistencies between reported methods and presented results; 




9. Studies with clear calculation mistakes or logical mistakes. 
2.2.4 Study selection and data extraction 
All applicable Chinese citations from CNKI, Wanfang and VIP were imported into 
NoteExpress (version 3.0.4.6640) and all English citations from PubMed were imported into 
Endnote (version X7.2.1) before they were screened. Duplicate records were detected 
automatically in NoteExpress and Endnote by firstly conducting cross-record comparisons 
based on the variables “Author”, “Year” and “Title”, followed by “Year” and “Title” in the 
second iteration, and finally only the “Title” in the third iteration, using the criteria of 
“ignoring spacing and punctuation”. All detected duplicate records were deleted manually. 
After deleting the duplicates, I conducted an initial screening of all titles and abstracts and 
deleted all records that were apparently irrelevant based on the preset criteria. Then, all 
full-text articles were retrieved and selected for final inclusion, according to pre-determined 
study criteria. I paid particular caution to exclude all duplicate publications that reported the 
same results based on the same data. 
When conducting pilot data extraction, I drafted data extraction form by reviewing more 
than one thousand full-text articles, which I later modified through several rounds of 
revisions. The final standardised data abstraction form included three parts:  
1) Characteristics of the study: authors, publication year, study setting, population 
type (urban or rural), surveillance period, quality control method and frequency; 
2) Mortality data: there are three indicators in this part: the number of live births, 
overall number of deaths and overall mortality rates for neonates, post-neonatal 
infants, 1-4 years old children and all 0-4 years old children. For studies that only 
reported two of the three key indicators, the third one would be calculated based on 
the other two. For studies that only reported mortality-related indicators for two of 
the three age groups (e.g., infants, 1-4 years old children and under-five children), 
the third one would also be calculated based on the other two. 
3) COD data: according to the pilot data extraction, most eligible studies that were 
identified through my search reported the COD data based on the national unified 
MCMS “child death report card”. Therefore, I included all pre-set causes in the data 





2.3 Statistical analysis 
2.3.1 Procedures 
The statistical procedures for estimating the proportional causes of child death in China for 
the years 2009-2015 included several steps (see Table 2.3). 
Table 2.3 Statistical procedures of deriving the estimates of child death 
Steps Indicators 
Methods 
National level Provincial level 
1 Total number of 
child deaths 
(envelope) 
Multiplying U5MR reported by 
MCMS by the number of live 
births reported by NBS and 
adjusted by UN IGME 
Multiplying the provincial U5MRs 
reported by MCHARS (2010) or 
IHME-Chinese collaboration (2013) 
by the number of live births in each 
province reported by NBS and 
adjusting the total by an appropriate 
factor to fit the national envelope 






infants, 1-4 years 
and 0-4 years) 
for each year in 
China 
Modelling the proportion of all 
deaths in neonatal period (<1 
month) and post-neonatal infant 
period (1-11 months) for each 
province using the province-level 
U5MR as a predictor; then, adding 
all the numbers of deaths and 
adjusting the total number of 
neonatal deaths by an appropriate 
factor to fit the national envelope 
for newborn deaths provided by 
UN IGME; and finally, computing 
the number of deaths of 1–4 years 
children (12-59 months) in each 
province by substracting neonatal 
Three models to estimate the age 
group proportions for neonates (<1 
month), postneonatal infants (1–11 
months), 1–4 years children (12-59 
months) were developed in the 
systematic review. Provincial 
U5MRs were applied to these 
models to split the total number of 
child deaths (from Step1) into 
appropriate age groups at provincial 
level; the least informative of the 
three models (for 1-4 years) was 
dropped and the number of deaths in 
that age group was calculated based 




and post-neonatal infant deaths 
from all 0-4 deaths in each 
province 
a remainder) 
3 Main cause 
proportions for 
each age group 
Main cause proportions were 
estimated for neonates (<1 month), 
postneonatal infants (1–11 
months), 1–4 years children (12-59 
months) and 0-4 years children 
(0-59 months) separately by 
applying the national U5MRs 
(from 2009 to 2015) to the death 
cause proportional models 
developed in the systematic review 
Main cause proportions at provincial 
level were estimated for neonates 
(<1 month), postneonatal infants (1–
11 months), 1–4 years children 
(12-59 months) and 0-4 years 
children (0-59 months) separately by 
applying the provincial U5MRs in 
2015 to the death cause proportional 
models developed in the systematic 
review  
2.3.2 Statistical modelling 
The single-cause model for the proportional contribution of each COD based on U5MR as a 
predictor variable was chosen to estimate COD in China by CHERG (Black et al., 2010; K. Y. 
Chan et al., 2015; Lawn, 2009; Organization, 2014; Rudan et al., 2010). In this study, an 
Ordinary Least Squares (OLS) regression model was developed using eligible study data. 
The predictor variables included U5MR and squared U5MR, and the criterion variable was 
specific proportion assigned to each cause.  
Before choosing the most appropriate model, all the variables and three different weighting 
methods were tested in the pilot modelling to decide which model performs best in 
predicting the proportional cause based on U5MR. The three weighting methods were: 
1) Giving equal weight to each study (no weight); 
2) Giving equal weight to each death (weighting is proportional to the number of deaths); 
3) Intermediate of 1) and 2) (weighting is proportional to the square root of the number of 
deaths). 
The estimates of COD at both national and provincial levels were conducted based on the 




number of deaths (for more details see later, in the Results section). The most commonly 
used model was: 
ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) + 𝛾 ∗ (ln 𝑈5𝑀𝑅)2 
All included studies that were used for constructing the predictive models were mapped by 
ArcGIS software (Version 10.1) to illustrate their geographic distribution. For each specific 
cause or age group, the median proportion, inter–quartile range (IQR) and maximum and 
minimum observed percentage were presented in box–and–whisker plots. Maps were then 
created to illustrate provincial U5MRs using ArcGIS. All statistical analyses were performed 
in R Studio (version 0.99.486) built on R (version 3.2.2) and with packages “gglopt2” 
(version 1.0.1), “reshape2” (version 1.4.1), “dplyr” (version 0.4.3), “knitr” (version 1.11) and 
“plyr” (version 1.8.3). All tests were two-sided and statistical significance was determined at 
P-value < 0.05 unless otherwise stated. 
2.4 Ethical self-assessment 
No ethical review committee approval was needed because all the estimates in this study 
were based on the analyses of publicly available and published information relevant to the 
population samples, rather than individuals. There were no ethical concerns regarding this 
study design. A level-one ethical self-assessment was carried out by my first supervisor Dr. 
Kit Yee Chan based on institutional policy (see Appendix Table 4), formal ethical approval 





3.1 Study characteristics 
Based on the search strategy and criteria as stated in Chapter 2, a total of 81,079 citations 
were identified from the four databases. After removing 35,247 duplicates, 44,367 obviously 
irrelevant citations by title and abstract review, and 49 citations with no sufficient 
information on methods and results, a total of 1,416 articles with full-texts were reviewed to 
assess their eligibility (Figure 3.1). According to the study criteria, a total of 1,128 
publications were excluded and 288 publications were included. All the single-cause models 
were based on those 288 studies. 
 




* Note: Reason 1: Papers that were not community-based study of the COD in children aged 
0-4 years; Reason 2: Papers that were not multi-cause studies; Reason 3: Papers with less 
than 100 deaths observed; Reason 4: Multiple publications of the same study; Reason 5: 
Papers with no breakdown of deaths by cause or age; Reason 6: Papers with no reported 
numerical estimates; Reason 7: Studies where design (prospective/retrospective) and 
definitions were not clear; Reason 8: Studies that were retrospective in design; Reason 9: 
Papers where no (overall) U5MR was reported for the study site; Reason 10: Papers with 
inconsistency between reported methods and presented results; Reason 11: Studies based on 
CDC death monitoring system; Reason 12: Papers with calculation mistakes or logical 
mistakes. 
The full list of the 288 included studies and their characteristics can be found in Appendix 
Table 5. The summary of the main characteristics of the 288 included studies are shown in 
Table 3.1. The included publications were published relatively evenly from 2009 to 2014; 
most of them were conducted in both urban and rural areas (n=226, 78.5%). Overall, the total 
number of observed deaths across all the 288 studies was 363,134, and the total number of 
live births was 32,038,695, yielding an average U5MR of 11.3 per 1,000 live births. The 
distributions of the number of deaths and live births are listed in Table 3.1. More than half 
(n=146, 50.7%) of the studies reported 101-500 deaths, and most of the studies (n=168, 
58.3%) observed 10,001-60,000 live births. The average surveillance period was 6.0 years 
with most (n=167, 58.0%) of the studies reporting a surveillance time between 5 and 9 years. 
Most (n=219, 76.0%) of the studies reported their quality control procedures, while the 
remaining studies (n=69, 24.0%) likely also introduced some quality control protocols, but 
these remained unreported. No studies clearly stated that they had no quality control 
protocols. 
Table 3.1 Characteristics of the included studies 
Characteristic of study (Total N=288) Number of studies (%) 
Year published  
2009 51 (17.7) 
2010 36 (12.5) 
2011 48 (16.7) 
2012 61 (21.2) 
2013 47 (16.3) 





Urban 45 (15.6) 
Rural 17 (5.9) 
Both 226 (78.5) 
Number of observed deaths  
101-500 146 (50.7) 
501-1,000 56 (19.4) 
1,001-2,000 38 (13.2) 
2,001-3,000 20 (6.9) 
3,001-4,000 11 (3.8) 
>4,000 17 (5.9) 
Number of live births  
<10,000 11 (3.8) 
10,001-30,000 95 (33.0) 
30,001-60,000 73 (25.3) 
60,001-100,000 38 (13.2) 
100,001-150,000 15 (5.2) 
>150,000 56 (19.4) 
Reported U5MR (per 1,000 live births)  
<5.0 15 (5.2) 
5.1-10.0 113 (39.2) 
10.1-15.0 84 (29.2) 
15.1-20.0 35 (12.2) 
>20.0 41 (14.2) 
Surveillance time (year)  
<5 69 (24.0) 
5-9 167 (58.0) 
10-14 50 (17.3) 
>15 2 (0.7) 
Conducting quality control  
Yes 219 (76.0) 
Unknown 69 (24.0) 
Occasionally, more than one study would be based in the same geographic location, but I 




unique result. The geographic distribution of the 288 studies included 212 different locations 
in 30 provinces, municipalities and autonomous regions in China (except Tibet Autonomous 
Region, Hong Kong Special Administrative Region, Macao Special Administrative Region 
and Taiwan) (see Figure 3.2). 
 
Figure 3.2 Geographic distribution of the included studies 
*Note: The classification of East, Central and West was based on MCMS categories 
according to geography and economic development of each province (Department of 
Maternal and Child Health, 2013). 
3.2 Modelling test and selection 
In principle, I was interested in predicting the proportional distribution for all possible COD 
in each age group. However, this intention was limited by the availability of information for 
different causes in different age groups. The numbers of available studies that could serve as 
independent data points for constructing different models are listed in Table 3.2, by specific 
COD and age group of interest. 














0l Dysentery (DYS) 0 0 1 2 
02 Sepsis (SEP) 6 6 2 20 
03 Measles (MES) 0 0 0 1 
04 Tuberculosis (TB) 0 0 0 0 
05 Other infectious and parasitic diseases (OT-inf) 0 0 1 2 
All infectious and parasitic diseases (ALL-inf) 5 5 6 10 
06 Leukemia(LKM) 0 0 11 7 
07 Other tumor (OT-tm) 0 1 6 7 
All tumor (ALL-tm) 1 4 11 11 
08 Meningitis (MENI) 1 3 6 5 
09 Other neurological disease (OT-neu) 2 2 8 9 
All neurological disease (ALL-neu) 2 1 3 3 
10 Pneumonia (PN) 61 49 54 190 
11 Other respiratory diseases (OT-res) 4 2 3 10 
All respiratory diseases (ALL-res) 3 3 4 4 
12 Diarrhea (DI) 6 4 10 36 
13 Other digestive diseases  (OT-dig) 2 1 3 8 
All digestive diseases  (ALL-dig) 1 1 1 4 
14 Congenital heart disease (CGH) 45 43 54 134 
15 Neural tube defects (NTD) 4 3 0 13 
16 Mongolism (MONG) 0 0 0 3 
17 Other congenital abnormalities (OT-CA) 42 32 20 87 
All congenital abnormalities (ALL-CA) 33 21 22 80 
18 Preterm or low birth weight (PB) 86 33 4 228 
19 Birth asphyxia (BA) 83 19 3 213 
20 Neonatal tetanus (NT) 0 0 0 3 




22 Intracranial haemorrhage (IH) 15 9 2 28 
23 Other neonatal diseases (OT-neo) 16 5 2 20 
All neonatal diseases (ALL-neo) 4 3 3 7 
24 Drowning (DW) 0 0 31 47 
25 Traffic accident (TA) 0 1 27 23 
26 Accidental asphyxia (AA) 19 15 14 53 
27 Accidental poisoning (AP) 0 0 3 6 
28 Accidental fall (AF) 0 0 7 10 
29 Other accidents (OT-acc) 2 1 13 22 
All accidents (ALL-acc) 22 21 41 103 
30 Endocrine, nutritional and metabolic diseases (ENM) 0 0 3 8 
31 Hematopoietic and hematopoietic organ diseases (HHO) 3 3 6 12 
32 Circulation system disease (CSD) 3 1 5 7 
33 Urinary system disease (USD) 0 0 0 2 
34 Other (OT) 26 21 23 54 
35 Unclear diagnosis(UCD) 3 3 6 23 
*Note: “All” in the database doesn’t imply all of the COD in the corresponding category, but 
rather to the entire category, as mentioned in the relevant article. 
Based on the availability of information, the causes for which I developed the testing models 
were: 
(i) Among the neonates, 7 causes were selected: 1) Pneumonia; 2) Congenital heart disease; 
3) Congenital abnormalities; 4) Preterm birth or low birth weight; 5) Birth asphyxia; 6) 
Intracranial haemorrhage; 7) Accidents. 
(ii) For postneonatal infants, 8 causes were selected: 1) Pneumonia; 2) Congenital heart 
disease; 3) Congenital abnormalities; 4) Preterm birth or low birth weight; 5) Birth asphyxia; 
6) Intracranial haemorrhage; 7) Accidental asphyxia; 8) Accidents. 
(iii) For children 1-4 years old, 8 causes were selected: 1) Leukemia; 2) Tumor; 3) 




abnormalities; 8) Accidents. 
(iv) Finally, for children 0-4 years old, 14 causes were selected: 1) Sepsis; 2) Leukemia; 3) 
Tumor; 4) Meningitis; 5) Pneumonia; 6) Diarrhea; 7) Congenital heart disease; 8) Neural 
tube defects; 9) Congenital abnormalities; 10) Preterm birth or low birth weight; 11) Birth 
asphyxia; 12) Intracranial haemorrhage; 13) Accidental asphyxia; 14) Accidents. 
To identify the best-performing models, nine different testing models were constructed, as 
explained in Chapter 2. Table 3.3 shows that the nine models were: 
Table 3.3 The definitions of nine tested models 
Model Equation Weighing method 
Model 1 ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) no weighting 
Model 2 ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) 
weighting proportional to the 
number of deaths 
Model 3 ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) 
weight proportional to the square 
root of the number of deaths 
Model 4 ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) + 𝛾 ∗ (𝑈5𝑀𝑅)2 no weighting 
Model 5 ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) + 𝛾 ∗ (𝑈5𝑀𝑅)2 
weighting proportional to the 
number of deaths 
Model 6 ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) + 𝛾 ∗ (𝑈5𝑀𝑅)2 
weight proportional to the square 
root of the number of deaths 
Model 7 ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) + 𝛾 ∗ (ln 𝑈5𝑀𝑅)2 no weighting 
Model 8 ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) + 𝛾 ∗ (ln 𝑈5𝑀𝑅)2 
weighting proportional to the 
number of deaths 
Model 9 ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) + 𝛾 ∗ (ln 𝑈5𝑀𝑅)2 
weight proportional to the square 
root of the number of deaths 
*Note: Where ln (U5MR) is the natural logarithm of U5MR, criterion variable refers to the 
proportion of each targeted age group (neonates, postneonatal infants, 1-4 years old children) 
or death cause. 
All the results of the performance of these nine statistical models are shown in the Appendix 
Figure 1-5. All obvious outliers were removed, and the comparison of goodness-of-fit of the 















Figure 3.3 Comparison of the nine testing models 
*Note: (a) predicting the proportions of all 0-4 years deaths that occur in 3 separate age-groups; (b) predicting the proportions of all neonatal deaths that 
are due to each selected cause for neonatal period; (c) predicting the proportions of all post-neonatal infant deaths that are due to each selected cause in 
post-neonatal infant period; (d) predicting the proportions of deaths that occur in 1-4 years old children that are due to each selected cause in 1-4 years 






3.3 Final modelling methods 
After the nine potential models were tested, model 8 (see Table 3.3) was chosen as the most 
useful for this study across a wide range of applications to different causes and in different 
age groups (see Appendix Figure 1-5, for the comprehensive overview of the results of 
model testing). The criterion variable was either the proportional contribution of the specific 
age group, or the specific COD, based on the studies that fulfilled the inclusion criteria. All 
calculations were then based on the chosen corresponding model and fitted to the national 
and provincial envelopes. The final model adopted weighting method proportional to the 
number of deaths: 
ln(% 𝐶𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒) = 𝛼 + 𝛽 ∗ (ln 𝑈5𝑀𝑅) + 𝛾 ∗ (ln 𝑈5𝑀𝑅)2 
After the selection of the final model, eight derived statistical models were then developed to 
predict the relation between the proportion of the eight most common COD in children under 
5 years and the corresponding U5MR (Figure 3.4; Table 3.4): birth asphyxia, preterm birth 
complications, neonatal sepsis, pneumonia, diarrhea, congenital abnormalities, accidents and 
sudden infant death syndrome (SIDS). For statistical modelling to estimate proportional 
COD in different age groups, 3 models were developed to predict the proportions of neonates, 
post-neonatal infants and 1-4 years deaths based on the corresponding U5MRs (Figure 3.5; 
Table 3.4). Then, further statistical models (Figure 3.5; Table 3.4) were established to 
attribute the deaths within provinces and within the 3 age groups to specific causes. When 
conducting the estimates at the province level, the “fit” to the “envelopes” for the total 
number of child deaths for each province was achieved by dropping the least predictive 
statistical model (based on R2) and replacing it with the reminder of deaths within the 
“envelope” (Table 3.4). 
Table 3.4 Detailed descriptions of the parameters in all statistical models 
Predictor Criterion variable Relationship R2 
Predicting the proportion of all 0-4 years deaths that are due to each of the 8 most common 
causes for 0-4 years period (in relation to overall U5MR) 
U5MR % preterm or low 
birth weight 
ln(PB)=0.90*ln(U5MR)-0.19*(ln(U5MR))2+1.80 0.07 




U5MR % congenital 
abnormalities 
ln(CA)=0.79*ln(U5MR)-0.27*(ln(U5MR))2+2.36 0.35 
U5MR % accident ln(ACC)=1.39*ln(U5MR)-0.26*(ln(U5MR))2+0.79 0.04 
U5MR % pneumonia ln(PN)=0.05*ln(U5MR)+0.10*(ln(U5MR))2+1.75 0.43 
U5MR % SIDS ln(SIDS)=2.68*ln(U5MR)-0.56*(ln(U5MR))2-1.23 0.06 
U5MR % diarrhea ln(DI)=3.49*ln(U5MR)-0.42*(ln(U5MR))2-4.97 0.36 
U5MR % neonatal sepsis ln(SEP)=-0.98*ln(U5MR)+0.05*(ln(U5MR))2+2.48 0.30 
Predicting the proportion of all 0-4 years deaths that occur in 3 separate age-groups: neonates, 
post-neonatal infants and 1-4 years children (in relation to overall U5MR) 
U5MR % in neonates ln(NEO)=0.41*ln(U5MR)-0.08*(ln(U5MR))2+3.56 0.03 
U5MR % in postneonatal 
infants 
ln(PINF)=-1.12*ln(U5MR)+0.23*(ln(U5MR))2+4.38 0.13 
U5MR % in 1-4 years ln(1-4y)=-0.61*ln(U5MR)+0.10*(ln(U5MR))2+3.75 0.03 
Predicting the proportion of all neonatal deaths that are due to each of the 4 most common causes 
for neonatal period (in relation to overall U5MR) 
U5MR % preterm or low 
birth weight 
ln(PB)=0.72*ln(U5MR)-0.16*(ln(U5MR))2+2.54 0.21 
U5MR % birth asphyxia ln(BA)=0.53*ln(U5MR)-0.06*(ln(U5MR))2+2.31 0.19 
U5MR % congenital 
abnormalities 
ln(CA)=-4.17*ln(U5MR)+0.75*(ln(U5MR))2+7.72 0.14 
U5MR % pneumonia ln(PN)=-0.27*ln(U5MR)+0.12*(ln(U5MR))2+2.27 0.20 
Predicting the proportion of all postneonatal infant deaths that are due to each of the 4 most 
common causes for postneonatal period (in relation to overall U5MR) 
U5MR % pneumonia ln(PN)=0.26*ln(U5MR)+0.00*(ln(U5MR))2+2.50 0.05 
U5MR % congenital 
abnormalities 
ln(CA)=0.91*ln(U5MR)-0.37*(ln(U5MR))2+3.08 0.49 
U5MR % SIDS ln(SIDS)=-5.16*ln(U5MR)+1.00*(ln(U5MR))2+8.93 0.10 
U5MR 
 
% accident ln(ACC)=-0.67*ln(U5MR)+0.10*(ln(U5MR))2+3.21 0.04 




4 most common causes for 1-4 years period (in relation to overall U5MR) 
U5MR % accident ln(ACC)=0.11*ln(U5MR)-0.01*(ln(U5MR))2+3.53 0.03 
U5MR % congenital 
abnormalities 
ln(CA)=3.13*ln(U5MR)-0.66*(ln(U5MR))2-0.99 0.24 
U5MR % pneumonia ln(PN)=-3.41*ln(U5MR)+0.68*(ln(U5MR))2+6.15 0.19 




















Figure 3.4 The relationship between U5MR and proportion of deaths in children under 
5 years due to the most common 8 causes of death based on the best model 
*Note: (a) Preterm birth and low birth weight; (b) Birth asphyxia; (c) Congenital 
abnormalities; (d) Accidents; (e) Pneumonia; (f) Sudden infant death syndrome; (g) Diarrhea; 
(h) Neonatal sepsis. Data points represent studies with available information and the size of 
the “bubbles” is proportional to the total number of child deaths observed in each study, 95% 
















Figure 3.5 The relationship between U5MR and proportion of age group or deaths in children under 5 years based on the best model 
*Note: (a) relationship between U5MR and proportion of all 0-4 year deaths observed in 3 in different age groups: neonates, postneonatal infants, and 
1-4 years children; (b) relationship between U5MR and proportion of neonatal deaths due to each of the 4 most common causes: Birth asphyxia, 
Preterm birth, Pneumonia, Congenital abnormalities; (c) relationship between U5MR and proportion of post-neonatal infant deaths due to each of the 4 
most common causes: Pneumonia, SIDS, Congenital abnormalities, Accidents; (d) relationship between U5MR and proportion of deaths in children 




3.4 Generating national and provincial estimates 
3.4.1 Main causes of child deaths from 2009 to 2015 
From 2009 to 2015, the neonatal, postneonatal, 1-4 years and under-five mortality rates have 
declined by 39.6% (from 9.1 to 5.5 per 1,000 live births), 40.4% (from 3.8 to 2.2 per 1,000 
live births), 28.5% (from 4.1 to 3.0 per 1,000 live births) and 37.1% (from 17.0 to 10.7 per 
1,000 live births) respectively (Figure 3.6).  
 
Figure 3.6 Trends in mortality rates (per 1,000 live births) in China during 2009–2015 
in neonates, post-neonatal infants, 1-4 years children and children under 5 years 
*Note: NMR refers to neonatal mortality rate, PIMR refers to post-neonatal infant mortality 
rate, 1-4MR refers to 1-4 years mortality rate, and U5MR refers to under 5 mortality rate. 
Based on the final model that was derived from 288 independent studies, the changes in 
distribution of the leading COD occurring in different age groups from 2009 to 2015 are 
shown in Figure 3.7, detailed information can be found in Appendix Table 6-12. Neonatal 
deaths accounted for half of the deaths in children under 5 years, while the proportions of 






Figure 3.7 Distribution of deaths in children under 5 years in China by age group, 
2009–2015 
*Note: NEO: neonates, PINF: postneonatal infants, 1-4y: 1-4 years old children. 
The main COD in children under 5 years of age are shown in Figure 3.8a: from 2009 to 
2015, the proportions of deaths due to infectious causes – pneumonia and diarrhea - fell 
substantially with the overall reduction of U5MR: pneumonia from 16.4% to 12.4%, and 
diarrhea from 5.3% to 3.2%. In addition, the proportion of birth asphyxia also fell slightly 
(from 16.1% to 15.2%), while the proportion of preterm birth and low birth weight rose 
slightly (from 16.7% to 17.4%). The proportion of congenital abnormalities increased much 
faster as a proportional cause: from 10.6% to 14.1%. The proportions of neonatal sepsis and 
SIDS also showed an increase in this time period (from 1.1% to 1.6%, and 5.8% to 6.6% 
respectively). With the reduction of U5MR, the proportion of accidents fluctuated around 
13.5% with no obvious tendency towards either increasing or declining. 
The changes in the distribution of the main COD in neonates from 2009 to 2015 are shown 
in the Figure 3.8b. From 2009 to 2015, the proportions of deaths attributable to neonatal 
causes - birth asphyxia, preterm birth and low birth weight and neonatal sepsis - accounted 
for more than half of all the deaths. The proportional contribution of preterm birth and low 




respectively. The proportion of birth asphyxia declined slightly during this period - from 29.2% 
to 28.6%. Infectious causes – pneumonia and diarrhea - continued to decrease, from 12.8% 
to 10.7%, and 1.5% to 0.9%, respectively. The proportion of congenital abnormalities 
increased from 9.0% to 11.3%, while the proportion of accidents decreased from 4.3% to 
3.8%, and the proportion of SIDS was fairly constant around 3%. 
The changes in the distribution of the main COD in post-neonatal infants from 2009 to 2015 
are shown in Figure 3.8c: from 2009 to 2015, the proportions of infectious causes – 
pneumonia and diarrhea - declined substantially, from 33.7% to 23.1%, and from 11.6% to 
5.2%, respectively. At the same time, the proportions of congenital abnormalities and SIDS 
increased from 13.2% to 21.6%, and 15.6% to 20.0%, respectively. The proportions of 
neonatal sepsis and accidents also rose slightly - from 0.5% to 0.8%, and from 8.2% to 8.8%, 
respectively. Other neonatal causes - birth asphyxia and preterm birth, and low birth weight, 
remained relatively low, contributing to about 2.0% of all deaths during this period. 
The changes in the distribution of the main COD in the children 1-4 years of age from 2009 
to 2015 is shown in Figure 3.8d. From 2009 to 2015, the proportions of congenital 
abnormalities kept on increasing from 11.9% to 13.7%, while the other main causes – 
accidents and diarrhea - both declined, from 38.4% to 35.2%, and from 8.7% to 7.6%, 
respectively. The proportion of pneumonia declined from 8.7% to 7.6% and then remained at 
this level. The proportion of SIDS was around 3%. This trend of predominant reduction in 













Figure 3.8 Causes of child deaths in China, 2009–2015 
*Note: (a) Children under 5 years; (b) Neonates; (c) Post-neonatal infants; (d) 1-4 year old 
children; BA - Birth asphyxia, PB - Preterm birth and low birth weight, CA - Congenital 
abnormalities, SEP - Neonatal sepsis, PN - Pneumonia, DI - Diarrhea, ACC - Accidents, 
SIDS - Sudden infant death syndrome, OT - Other. 
3.4.2 Main causes of child deaths in 2015 
In 2015, the national U5MR was 10.7 per 1,000 live births, according to UN IGME's 
estimates. The national PIMR was estimated to be 2.2 per 1,000 live births, and NMR was 






Table 3.5 The national estimates of mortality rates and numbers of deaths in 2015 
Indicator Estimate 
Live births 16,988,246 
U5MR (per 1,000 live births) 10.7 
NMR (per 1,000 live births) 5.5 
PIMR (per 1,000 live births) 2.2 
1-4MR (per 1,000 live births) 3.0 
Total deaths in children under 5 years 181,574 
Neonatal deaths 93,435 
1m-11m deaths 38,066 
1yr-4yr deaths 50,073 
*Note: U5MR refers to under-5 mortality rate, NMR refers to neonatal mortality rate, PIMR 
refers to post-neonatal infant mortality rate, 1-4MR refers to 1-4 years mortality rate. 
The provincial estimates of U5MR, NMR, PIMR and 1-4MR are shown in Table 3.6. In 
2015, U5MR was lowest in Beijing and highest in Tibet, NMR, PIMR and 1-4MR had the 
same trend as U5MR (Figure 3.9). U5MRs in China had an inverse relationship with 
economic development (based on Gross Domestic Product (GDP) per capita), provinces with 
high GDP per capita had lower U5MRs, such as Beijing and Shanghai, while provinces with 
lower GDP per capita had highest U5MRs, such as Xinjiang and Tibet (Figure 3.10). Based 
on geography, U5MRs were low in the East region with higher levels of economic 
development. U5MRs were higher in the Central region, and the highest in the West region, 
which is least developed (Figure 3.11).  
Table 3.6 The provincial estimates of mortality rates in 2015 
Province 
Mortality Rate (per 1,000 live births) 
NMR PIMR 1-4MR U5MR 
Beijing 1.9 1.0 1.1 4.0 
Jiangsu 2.5 1.2 1.4 5.1 
Guangdong 2.7 1.3 1.5 5.5 
Shanghai 2.8 1.3 1.6 5.7 
Tianjin 3.2 1.4 1.8 6.3 




Jilin 3.5 1.5 1.9 6.9 
Liaoning 3.6 1.5 2.0 7.1 
Fujian 4.0 1.6 2.2 7.9 
Shandong 4.2 1.7 2.3 8.1 
Shanxi 4.4 1.7 2.4 8.5 
Hunan 4.7 1.9 2.5 9.1 
Guangxi Zhuang AR 5.3 2.1 2.9 10.3 
Hubei 5.3 2.1 2.9 10.3 
Heilongjiang 5.4 2.1 2.9 10.4 
Anhui 5.5 2.1 2.9 10.5 
Henan 5.7 2.2 3.0 10.9 
Hebei 5.9 2.3 3.1 11.3 
Chongqing 6.0 2.3 3.2 11.4 
Sichuan 6.6 2.5 3.5 12.6 
Inner Mongolia AR 6.6 2.6 3.5 12.7 
Shaanxi 6.9 2.7 3.7 13.3 
Jiangxi 7.3 2.9 3.9 14.1 
Hainan 7.5 2.9 4.0 14.4 
Ningxia Hui AR 7.9 3.1 4.1 15.1 
Yunnan 8.4 3.3 4.4 16.1 
Guizhou 9.0 3.6 4.7 17.4 
Qinghai 9.2 3.8 4.8 17.8 
Gansu 10.8 4.6 5.7 21.1 
Xinjiang Wei AR 13.2 6.2 6.9 26.4 
Tibet AR 16.5 9.0 8.6 34.1 
*Note: NMR refers to neonatal mortality rate, PIMR refers to post-neonatal infant mortality 





Figure 3.9 Child mortality rates in 31 provinces in China in 2015 
*Note: Provinces are ranked according to under-5 mortality rates (recorded in x-axis label); 
NMR refers to neonatal mortality rate, PIMR refers to post-neonatal infant mortality rate, 
1-4MR refers to 1-4 years mortality rate. 
 
Figure 3.10 GDP per capita and under-five mortality rate in 31 provinces in 2013 












Figure 3.11 Geographic distribution of child mortality rates in 31 provinces in China in 2015 




Figure 3.12 shows how the spectrum of the main causes of child deaths changed with the 
age group in 2015. Among the main COD in children under 5 years (Figure 3.12a), the 
leading causes were preterm birth and low birth weight and birth asphyxia, both responsible 
for more than 15% of all child deaths. In addition, congenital abnormalities (14.1%), 
accidents (13.5%) and pneumonia (12.4%) also contributed substantially, with SIDS adding 
further 6.6%. Among neonates (Figure 3.12b), preterm birth and low birth weight and birth 
asphyxia contributed more than half of the neonatal deaths, accounting for 33.0% and 28.6%, 
respectively. Congenital abnormalities (11.3%) and pneumonia (10.7%) were also the main 
causes which accounted for more than 10% of all neonatal deaths. Among post-neonatal 
infants (Figure 3.12c), most deaths were caused by pneumonia (23.1%), congenital 
abnormalities (21.6%) and SIDS (20.0%), followed by accidents (8.8%) and diarrhea (5.2%). 
Among the children aged 1-4 years (Figure 3.12d), accidental deaths (mainly drowning, 
asphyxia, falls, traffic accidents and poisoning) became the dominant COD (35.2%). 
Congenital abnormalities (13.7%), pneumonia (7.6%) and diarrhea (5.8%) also contributed a 
lot. Another dominant category was “other” (34.7%), accounting for more than one third of 










Figure 3.12 Proportional distributions of main COD in neonates, post-neonatal infants, 




*Note: (a) Children under 5 years; (b) Neonates; (c) Post-neonatal infants; (d) 1-4 years 
children; BA - Birth asphyxia, PB - Preterm birth and low birth weight, CA - Congenital 
abnormalities, SEP - Neonatal sepsis, PN - Pneumonia, DI - Diarrhea, ACC - Accidents, 
SIDS - Sudden infant death syndrome, OT - Other. 
The spectrum of causes of child deaths in 31 Chinese provinces (ranked by U5MRs) in 2015 
is shown in Figure 3.13. In 2015, U5MR ranged from 4 per 1,000 live births in Beijing to 
34.1 per 1,000 live births in Tibet. Correspondingly, the leading causes in children under 5 
years (Figure 3.13a) in wealthier provinces (with lower U5MRs) were congenital 
abnormalities, preterm birth and low birth weight, and birth asphyxia, while in the poorer 
provinces (with higher U5MRs), the proportions of infectious diseases were still the 
dominant COD, especially for pneumonia. Among neonates (Figure 3.13b), the distributions 
in the COD between wealthier and poorer provinces were quite similar, with birth asphyxia 
and preterm birth and low birth weight being the top two causes. The proportions of 
congenital abnormalities were higher in the wealthier provinces than in the poorer provinces, 
where pneumonia was still one of the leading causes. Among post-neonatal infants (Figure 
3.13c), the spectrum of causes changed dramatically: the leading cause changed from 
congenital abnormalities (in wealthier provinces) to pneumonia (in poorer provinces). 
Among the children aged 1-4 years (Figure 3.13d), accidents were the top COD in every 
















Figure 3.13 Proportional contributions of common causes of child deaths in 31 provinces in China in 2015 
*Note: Provinces are ranked according to under 5 mortality rates (recorded in x-axis label); (a) Children under 5 years; (b) Neonates; (c) Post-neonatal 
infants; (d) 1-4 years children; BA - Birth Asphyxia, PB - Preterm birth and low birth weight, CA - Congenital abnormalities, SEP - Neonatal sepsis, PN 





The relationship between COD in children and overall U5MR has been well-recognised as a 
useful approach to predict the main COD based on overall mortality (Lopez, 2003; Salomon 
& Murray, 2001). Through the means of systematic reviewing of relevant local 
community-based epidemiological studies, the leading causes can be assessed. In China, 
although the number of MCMS surveillance sites has increased to 336 counties/districts 
covering 31 provinces of Mainland China, the data of MCMS only has national or regional 
representativeness, but it does not allow province-level estimates. Provincial spectrum of 
COD in children can only be understood through indirect estimates. This study is based on 
the most recent comprehensive review of independent studies of causes of child mortality in 
Mainland China. It provides an update to the previous estimates of COD in children in China, 
which is relevant both to understanding of the major COD in different stages of early life, 
and to understanding and mapping the considerable health inequities among different 
provinces in China. More importantly, although I based all my estimates on an entirely new 
database and a substantially revised statistical model, my study successfully validated and 
replicated the results of the previous analysis which was presented in the study by Rudan and 
Chan (Rudan et al., 2010). Given the level of resemblance of the key results, further analysis 
could be conducted to generate a complete time series of cause structure for China from the 
year 2000 to 2015.  
4.1 Methods for predicting causes of child deaths 
In the absence of reliable data on COD in CRVS, model estimates are the best alternative. In 
comparison to the previous study, this study also contained the search for additional studies 
in English to ensure the completeness of available information. In addition, I applied perhaps 
the most comprehensive search strategy and more stringent data collection criteria, which 
increased the yield of studies. Another obvious merit is the consistency of input data, 
because nearly all of the included studies were based on local MCMS data, implying a 
standardised approach to the data collection, quality control, definition and assignment of 
COD procedures, as explained in Chapter 1. Furthermore, only studies with high quality and 




studies, I expanded the data extraction form against the MCMS death card to involve every 
possible COD. In this way, although some of the rare causes were not included in the final 
analysis because of the lack of sufficient amount of information, the proportions of the 
studied causes were not further skewed, or influenced by those rare causes. All of the above 
factors ensured the accuracy and robustness of the database with information upon the 
estimates were later based. 
When defining the relationship between proportional COD and overall U5MR, I firstly tested 
several different statistical predictive models. I used different weighting methods and 
variables and then proposed the best-performing model, which was consistent with the 
previously used model in the CHERG's China estimates to great extent (Rudan et al., 2010). 
Testing several different models for optimal performance is an important new feature in this 
study that represents the advance over the previous approach. In addition, although the 
single-model method was adopted, in MCMS sites, only one primary COD should be 
assigned to one death according to the surveillance regulation (Department of Maternal and 
Child Health, 2013). The rigorous criterion of only choosing “multi-cause" studies in my 
analysis guaranteed that the reported sum of COD attributable to each cause was 100% in 
every included study. This avoided the potential problem of the sum of all single-cause 
estimates adding up to more than 100% of the known number of total deaths ("envelope"), 
which can occur when single-cause models are primarily relied upon (Black et al., 2010; 
Morris, Black, & Tomaskovic, 2003). 
Generally, the relationships between the proportional of various COD and the overall U5MR 
were strong and internally consistent the models. Typically, the higher the U5MR, the higher 
the proportion of deaths due to infectious causes and the lower the proportion of deaths due 
to congenital abnormalities. This study shows that complex statistical models, although not 
the best solution, can still serve the purpose of developing estimates of cause-specific child 
mortality where the primary data on COD are not available, but there is universally available 
information of U5MR and its relationship to the proportion of each one of the main COD 
(defined by statistical models). My analyses produced internally consistent estimates that can 
now be used for local policy making and priority setting (Knippenberg et al., 2005). In the 
present context of China, the presented model-based analyses can be readily used to conduct 
national and provincial estimates in all cases where MCMS primary data are not available 
for analysis. Moreover, even when the MCMS data are available, the predictive models 




especially when estimating local (provincial) distributions of COD, where MCMS data are 
either absent or lack representativeness.  
4.2 Summary of findings and recommendations 
In the last two decades, China has made great progress toward reducing child mortality, 
which serves as an important result of many inputs into its rapid economic development 
(Feng, Theodoratou, et al., 2012). The year 2009 was one of the most important years in the 
history of China’s health system development, with the announcement of the nation-wide 
full-scale “Health Care System Reform” (Guo, Bai, & Na, 2015; Yip et al., 2012). The 
reform was set to achieve comprehensive universal health coverage, which has then become 
the primary target of the new Chinese health care system. Better health services were also 
provided to vulnerable population, especially to children, women and elderly (Xiong et al., 
2013). Since 2009, the reduction of U5MR has continuously been successful after the MDG 
4 had already been achieved in 2007 (National Health and Family Planning Commission, 
2014). With primary aim of this study being related to estimating proportions attributable to 
different COD, the spectrum of COD in children in China in the period 2009-2015 has been 
successfully defined in my analysis. The estimates in this study could now represent a basis 
for targeted interventions and policies that can be initiated. 
4.2.1 Neonatal diseases 
The estimated levels and trends in NMR, PIMR, 1-4MR and U5MR were similar relatively 
to each other during the period between 2009 to 2015. The proportions of deaths occurring in 
different age groups were reasonably steady, with more than half of all child deaths 
occurring in the first four weeks of life (the neonatal period). The burden of neonatal deaths 
was very high across the entire Chinese nation, regardless of the level of development of 
different provinces in the period 2009-2015. Although the knowledge, management 
procedures, interventions and technologies to avert deaths in the neonatal period exist and 
their coverage is expanding across China, my estimates show that there is still a large 
number of children who die each year because of the conditions that occur in neonatal period, 
and many of which are preventable (World Health Organization, 2012).  
According to the model estimates, the proportion of deaths due to preterm birth 




COD in children under 5 years in China over the past seven years continually. Complications 
of preterm births are also regarded as an important risk factor for other neonatal deaths, 
particularly for infectious diseases (Lawn, Gravett, Nunes, Rubens, & Stanton, 2010; Schrag 
et al., 2012). In my estimates, the increasing trend of neonatal sepsis was consistent with this 
proposed association, as the proportion of neonatal sepsis had an increasing trend that 
matched the rise in the proportion of complications of preterm birth. This temporal change 
could perhaps also be explained by the rising rate of caesarean sections in China (Hellerstein, 
Feldman, & Duan, 2015; Long et al., 2012), especially of the induction/elective caesarean 
sections (Gibbons et al., 2010; Lawn et al., 2010). Nevertheless, the increase of caesarean 
section rate can bring overall benefits and reduce neonatal mortality, as it reduces the 
occurrence of birth asphyxia (Coutinho, Cecatti, Surita, Costa, & Morais, 2011; 
Ramachandrappa & Jain, 2008). The outputs of my models are consistent with this, as they 
imply an overall reduction of deaths due to birth asphyxia during this period. Generally, birth 
asphyxia is a complex condition, influenced by many factors which include (but are not 
limited to) maternal health, antenatal care and birth attendance. As a result of the launch of 
national "safe motherhood" program - “the National Program to Reduce Maternal Mortality 
and Eliminate Neonatal Tetanus” (in 2000) and the Health Care System Reform (in 2009), 
the rates of hospital delivery and antenatal care were widely improved, even in the poorest 
rural areas (Feng et al., 2010). The Neonatal Resuscitation Program, adopted by the Chinese 
government nationally in 2004, also served to reduce the burden of deaths due to birth 
asphyxia (Lee et al., 2011; Xu et al., 2012). The efforts listed above have all served as the 
basis for improvement of maternal health and they also contributed to the reduction of NMR 
and deaths due to birth asphyxia (Feng et al., 2010; Feng, Xu, Guo, & Ronsmans, 2011; 
National Health and Family Planning Commission, 2014). 
With the trend stated above, in 2015, the deaths due to neonatal diseases were still on the rise 
among all causes of child death, with preterm birth complications as the top cause and birth 
asphyxia as the second. Prematurity is well-recognised to represent a health risk which 
continues to have effects far beyond the early life. Some of the long-term implications of 
being born too soon include intellectual impairment, non-communicable diseases (such as 
diabetes and hypertension), mental health disorders and chronic respiratory diseases 
throughout the entire lifespan (Gravett & Rubens, 2012; World Health Organization, 2012). 
All this makes preterm birth a significant and long-term health problem. Although the 
mechanisms underlying preterm birth are considered to be very complex and they can be 




psychological characteristics, infection, uterine contractions, and others (Goldenberg, 
Culhane, Iams, & Romero, 2008) - it should be possible to prevent more than three quarters 
of preterm births with cost-effective measures such as antenatal corticosteroids. The large 
share of deaths that still occur in the neonatal period highlights the importance of initiating 
health interventions at the start of life. When defining the policy to improve child survival, 
one priority should be set to enhancing the capacity for early recognition of neonatal diseases 
among both parents and postpartum care professionals, such as community nurses or village 
doctors, especially in rural poor areas, in order to reduce the mortality related to this 
particular age group. 
4.2.2 Infectious diseases 
Similarly to the trends previously observed in the period between 2000 to 2008 (Rudan et al., 
2010), from 2009 to 2015 the overall decrease of U5MR could have mainly been contributed 
to a substantial decline in deaths attributable to infectious diseases, particularly childhood 
pneumonia and diarrhea. This is consistent with the trend observed in some previous studies 
- both in China and globally (He et al., 2015; L. Liu et al., 2012). The progress in reducing 
the proportional contribution of pneumonia and diarrhea is significant: in 2015, the 
proportion of deaths due to pneumonia has declined to 12.4%, with a reduction rate of 24.4% 
in comparison to the baseline contribution in the year 2009. Globally, China is still ranking 
as one of 15 countries with the highest burden of childhood pneumonia (Walker et al., 2013), 
while in China pneumonia still regularly features among the five leading COD in children 
under 5 years, especially in poor developing areas, such as Tibet and Xinjiang provinces. 
Pneumonia typically develops as a combination of risk factors related to host, environment 
and infectious agent (Rudan, Boschi-Pinto, Biloglav, Mulholland, & Campbell, 2008). 
According to an analysis from National Surveillance System, the decline in pneumonia 
deaths in China can be largely explained by a rapid economic growth, increasing access to 
child health care and antibiotic treatment, improvement in child nutrition (such as 
breastfeeding and nutrients supplementation), and health promotion (He et al., 2015). These 
may also be important contributors to another infectious disease - diarrhea. From 2009 to 
2015, the reduction in diarrhea has also been quite dramatic, declining from 5.3% to 3.2%, 
with a reduction rate of 39.6%. However, this analysis confirmed that in China diarrhea was 
not such a common COD among children under 5, in comparison to some other developing 




cultural practice of eating cooked food and drinking boiled water and some other hygiene 
practices (J. Zhang, 2012).  
Another feature is that infectious diseases were most relevant as the COD in post-neonatal 
infant period: pneumonia was the leading cause among children aged 1-11 months during the 
entire period between 2009 and 2015. Still, it also showed marked reduction during this 
period, which is in line with the results from several previous studies (Ma et al., 2014; 
Theodoratou et al., 2011; UNICEF, 2008; Van Look, Heggenhougen, & Quah, 2011). This 
implies that a special attention should be given to post-neonatal infants when expanding 
effective preventive and curative interventions among vulnerable children. Although the 
statistical modelling procedures in this study didn’t take socioeconomic factors into 
consideration when determining the proportional COD in each year, indirect factors such as 
education, standard of living and household condition may have played important roles in 
this process. For policy making, interventions such as promoting breastfeeding practice, 
preventive zinc supplementation and expansion of vaccine coverage have been proven to be 
effective for both pneumonia and diarrhea (Bhutta et al., 2013). Introduction of 
health-promoting factors, as well as the focus on improved social determinants of health, are 
thought to have a large effect on improving the chances for survival among infants and 
young children (Sjursen, 2011; Zheng et al., 2013).  
4.2.3 Congenital abnormalities 
The burden of congenital abnormalities was growing during the period of 2009 to 2015, with 
a trend to replace birth asphyxia and become the second most significant cause of child 
deaths in China in the future years. In 2015, congenital abnormalities have become the third 
most common cause of death in children under 5 years. This cause was particularly 
important among post-neonatal infants, where congenital abnormalities have become the 
second leading cause, accounting for more than one fifth of total deaths and having a 
continuous increasing trend. Congenital abnormalities are set to become the leading cause of 
death in China in a not so distant future. According to the demographic distribution in 2015, 
congenital abnormalities have already become the leading cause of deaths in several 
economically highly developed provinces, such as Beijing and Jiangsu.  
There is a number of possible reasons for the increasing proportion of congenital 




nutrition, environmental teratogens exposures, etc. (World Health Organization, 2010). 
However, for a broad cause of congenital abnormalities, primary prevention can only be 
effective when the understanding of causes is clear. As an example, neural tube defects 
(NTDs) can be effectively prevented with periconceptional folic acid supplementation 
(World Health Organization, 2007). Preventing congenital abnormalities has long been a 
policy priority in China (Dai et al., 2011). From 1980s, the Chinese central government 
began to establish the birth defects surveillance system nationally. Presently, this surveillance 
has already become a unique part of MCMS and it includes two independent systems: 
national and provincial hospital-based surveillance, and national and regional 
population-based surveillance. The magnitude of the problem can be assessed through this 
surveillance and data collection, but more detailed split of the causes of congenital 
abnormalities should be explored. Major factors affecting the prevalence and distribution of 
congenital abnormalities should also be understood, with more efforts diverted to revealing 
the situation of congenital abnormalities in detail, to provide the basis of targeted policy, 
especially for researches on etiology, prevention and treatment.  
4.2.4 Accidents 
The importance of accidents has drawn much attention worldwide, and also in China (K. Y. 
Chan et al., 2015; Holtz, 2013). Based on the estimates in this study, the proportion of child 
deaths due to accidents has remained comparatively stable in the last seven years from 2009 
to 2015, and even across the whole nation geographically. However, the share of deaths due 
to accidents has been rising among post-neonatal infants and 1-4 year old children. The risk 
of accidental child death was the largest among the children aged 1-4 years, where this was 
the leading cause in the last seven years. 
Among all types of accidents, drowning has long been recognised as a very important cause, 
based on both the surveillance data and modelling estimates (K. Y. Chan et al., 2015; Y. 
Wang et al., 2014). This suggests that prevention strategies focused on child drowning 
should be made as a national policy priority. However, for children under 5 years, the widely 
adopted drowning prevention - which is to teach children to swim - although proven to be 
beneficial, it probably will not contribute much to preventing drowning deaths among 
younger children (S. Wang et al., 2008; Li Yang, Nong, Li, Feng, & Lo, 2007). A more 
comprehensive and effective prevention program should be developed to reduce water 




appropriate supervision of children through educating their parents, especially in the areas 
where the sea, rivers and lakes are in the close vicinity of the houses. In addition, other major 
accidental causes include traffic accidents, accidental asphyxia and falls. The national and 
even provincial estimates of breakdown of deaths due to accidents can increase the universal 
awareness of the harm of accidents and provide basis for policy-making on a large scale. 
This could include health development financing plan at the national level (K. Y. Chan et al., 
2015), but more effective community-based interventions can only be successful when 
taking local environments into consideration.  
4.2.5 Sudden infant death syndrome 
The trend of SIDS resembled that of preterm birth complications (Goldstein, Trachtenberg, 
Sens, Harty, & Kinney, 2016) in the last seven years. According to my estimates, the burden 
of mortality due to SIDS has risen to 6.6% in children under 5 years in 2015. The situation 
was the worst among post-neonatal infants, where deaths due to SIDS accounted for one fifth 
of the total deaths. The regional burden of SIDS was the highest among post-neonatal infants 
in provinces with medium levels of under-five mortality, such as Anhui, Henan and 
Heilongjiang. The reasons for SIDS have long been regarded as unexplained, but some risk 
factors have been revealed over time, such as gender, smoking exposure, preterm birth, 
sleeping position and bed sharing (Gilbert, Salanti, Harden, & See, 2005; Task Force on 
Sudden Infant Death Syndrome, 2005; K. Zhang & Wang, 2013). Recommendations such as 
creating a safer sleeping environment, breastfeeding, or use of pacifiers (Mitchell, 2007) can 
all be adopted to reduce the burden of SIDS in specific circumstances.  
However, it’s hard to distinguish between SIDS and accidental asphyxia as a direct cause of 
death (Kim, Shapiro‐Mendoza, Chu, Camperlengo, & Anderson, 2012), especially in most 
cases of sleep-related infant deaths. The diagnosis used in death certificates (e.g., accidental 
suffocation, positional accidental asphyxia, and indeterminate cause) may influence the 
estimates of the true burden of SIDS and over- and under-estimate them (Kinney & Thach, 
2009). In some cases, the definition of SIDS even includes mechanical asphyxia or 
suffocation (F Krous, 2010; Krous et al., 2004). In MCMS, there’s no preset category of 
SIDS for estimating the real burden. However, the high prevalence of preterm births and 
culturally highly prevalent practices of all-night bed sharing (particularly newborns and 
infants) make it persuasively acceptable that SIDS was generally classified into the preset 




uncertainty about coding of SIDS makes it difficult to try to understand more about this 
important cause of death. 
4.3 Limitations and future direction 
Nonetheless, there are several important limitations to this study. For modelling method, 
although the applied model in this study was based on the best available information from 
high-quality studies, which were distributed reasonably evenly across all Chinese provinces, 
the model may still be biased because of unmeasured characteristics of the study population 
from each individual study. In order to specify the most comprehensive and robust 
association between the proportions of COD and overall U5MR, a number of additional 
covariates should be considered, such as the local socioeconomic development level, 
vaccination rate, etc. Therefore, the estimates in this study should only be considered to 
represent a rough approximation of the true picture of the spectrum of causes of child deaths 
in China. Future work will be needed to externally validate the estimates presented in this 
study. This can be achieved by comparing my results with the primary surveillance data from 
MCMS, which should also help to clarify the large and uncertain “other” cause. Moreover, 
internal validation should also be conducted to test the performance of the model. A better 
understanding of inherent limitations of the model-based estimates can be achieved by 
presenting all point estimates with their realistic uncertainty ranges. In future studies, 
uncertainty ranges should be added to the model and they could rely on 
"sampling-resampling" methods (Lawn, 2009). 
For the purpose of defining the distribution of COD, this study only focused on a limited 
number of selected leading causes. This is especially true for a large category of causes such 
as “accidents” and “congenital abnormalities”, which comprises an entire set of 
complications, rather than a single, specific disease or cause. In this way, the estimates for 
diarrhea or sepsis, as an example, would seem to be less important when compared with the 
entire sets of causes. In a recent paper, all accidental causes have been partitioned into more 
specific categories (K. Y. Chan et al., 2015). Further comparisons among specific causes and 
a detailed analysis of accidental causes can better reveal the importance of different specific 
causes. For congenital abnormalities, an additional effort should be made to reveal the 
detailed spectrum. This could be realised through modeling based on the current birth defect 
surveillance system and provide an additional value to the study on causes of child deaths in 




suffocation as recorded in the death card. Although efforts have been made to address this 
important issue properly, over-estimation may still exist and further research should be 
conducted to find out the real contributors to accidental suffocation. This should make it 
possible to split SIDS from other causes of accidental suffocation. Thirdly, misclassification 
may have occurred when there was no clinical diagnosis or treatment before death, even 
though a detailed interview with the parents or main guardians were conducted to identify 
the factors attributing to the child death. This is a routine data collection procedure in MCMS. 
We should be aware that the low specificity of verbal autopsies may lead to an 
underestimation of some specific causes, especially those relying on medical diagnosis (e.g. 
infectious diseases, tumor, and nervous system disease) (He et al., 2015; Rudan et al., 2008). 
Future research could focus on the difference between diagnosed and self-reported COD. 
Even the difference in diagnosis by different levels of health facilities can provide a glance 
on possible misclassification, which can be further adopted to adjust the model-based 
estimates or even primary-data based MCMS reports.  
Additionally, despite all major advantages, constructing and improving statistical models of 
COD distribution should never become the ultimate focus of child death research. 
Substantial progress can only be made through collection of sufficient amount of informative 
data (L. Liu et al., 2012). More attention should be focused on improving the availability and 
quality of CRVS, MCMS and MCHARS data resources in China and their combining in 
order to estimate overall and cause-specific mortality rates, which can then provide improved 
picture of the causes of child deaths in China. 
According to the information of the place of occurrence of child deaths as reported by the 
MCMS (Figure 4.1), there was still a large proportion of child deaths taking place at home 
or on the way to health care facility in rural areas in 2004, which was observed even in the 
most economically advanced rural places (UNICEF, Organization, & Activities, 2006). 
Future research on location of child deaths could potentially address the performance of the 
current health system, through using the relationship between the place of child death, the 
overall mortality rate and the spectrum of COD as an indicator of health system performance. 
If such indicator could be established, then the estimates of places of deaths or assessment of 
local health system performance could be conducted at province levels, or in areas where 





Figure 4.1 Places of child deaths by types of rural counties, 2004 (source: (UNICEF et 
al., 2006)) 
*Note: Rural areas type I, II, III or IV were categorised by socioeconomic development level, 
with type I being the richest and type IV being the poorest (Feng, Xu, Guo, & Ronsmans, 
2012).  
More importantly, complementary “social autopsy” data in MCMS child report card, which 
focus on the social, behavioral and health systems determinants of child deaths (Waiswa, 
Kalter, Jakob, & Black, 2012), should be analysed by using either the primary MCMS data 
or systematic review methods. They should aim to explore the underlying non-biological 
factors contributing to deaths where no treatment was administered, or care sought before 
dying. As a valuable complementary information of COD, social autopsy should be used to 
show how social, behavioral and health systems-related factors can combine in causing the 
deaths. This should inform us on the amount of preventable deaths whenever the access to 
(and use of) health care are universal in most areas. It should also provide more information 
to health sector policymakers and programmers to identify health priorities and develop 
effective targeted strategies (Kalter, Salgado, Babille, Koffi, & Black, 2011; Waiswa et al., 
2012).  
Furthermore, the differences in the distribution of COD between boys and girls can also shed 
a light on gender equity in child death, and the differences in mortality rates between migrant 
groups' children and resident groups' children can reflect the specific vulnerability of a large 
number of migrant children, who come from rural areas to contribute to a process of rapid 
urbanization (China Labour Bulletin, 2013; Tang et al., 2008; Y. Wang et al., 2015). For the 
leading cause of preterm birth complications, differentiating spontaneous and medically 
induced preterm birth is of policy importance because of the high rate of caesarean sections 




analyses of COD in future studies, where primary data are available and priorities should be 
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Appendix Table 1 Child Death Report Card 
Year: 20     




          District/County□□□□□□                                        
□Re-made Card 
No.  □□□□□□□□ 
Address      Town(Area)     Street(Village)       
Father’s Name          Mother’s 
Name_____________ 
Child’s Name          Tel_____________ 
Census Register：⑴Local  ⑵Non-local: living for less 1 
year ⑶Non-local: living for 1 year and above    □ 




Birth Weight        g (1)Measured (2)Estimated  □ 
Gestational Age       weeks 
Year Month Day 
      
(b) Disease or Situation directly led to (a)           
(c) Disease or Situation directly led to (b)           
(d) Disease or Situation directly led to (c)          
Primary Death 
Cause________________________________ 
Death Cause Code                        □□ 
ICD-10 Code                         □□□□ 
Death Location：⑴ Hospitals    ⑵ On the Way 
⑶ Home                     □ 
Treatment Before Death ：⑴  In Hospital    ⑵ 
Outpatient 
⑶ No Treatment                   □ 
Diagnostic level：⑴ Provincial (Municipal)  
Card No.：Health Statistics 49 
Enact Authority：Ministry of Health 
Approval Authority：National Bureau of Statistics 
Approval No.：National Statistics [2012]184 






Provincial (Municipal) Hospitals 
District (County) Hospitals 
Street (Town) Health Centres 
Village Clinics 
On the Way 




Death Age      Years    Months    Days      
Hours 
Death Diagnosis: 
(a) Disease or Situation directly led to death               
 
Year Month Day 
      
⑵ District (County) 
⑶ Street (Town) 
⑷ Village Clinics 
⑸ No Treatment                   □ 
Main Reason of No Treatment：(Single Selection) 
⑴ Financial Difficulty 
⑵ Traffic Inconvenience 
⑶ Too Late to Hospital 
⑷ Parents Thought Disease was not Serious 
⑸ Custom 
(6)Other(Please Specify）            □ 
Death Diagnosis Basis: ⑴ Pathologic Autopsy 
⑵ Clinical 
⑶ Estimated                 □ 





Appendix Table 2 Child Death Cause Code 
 
  
0l Dysentery 19 Birth asphyxia 
02 Sepsis 20 Neonatal tetanus 
03 Measles 2l Neonatal scleredema 
04 Tuberculosis 22 Intracranial hemorrhage 
05 Other infectious and parasitic diseases 23 Other neonatal diseases 
06 Leukemia 24 Drowning 
07 Other tumor 25 Traffic accident 
08 Meningitis 26 Accidental asphyxia 
09 Other neurological disease 27 Accidental poisoning 
10 Pneumonia 28 Accidental fall 
11 Other respiratory diseases 29 Other accidents 
12 Diarrhea 30 Endocrine, nutritional and metabolic diseases 
13 Other digestive diseases   31 Hematopoietic and hematopoietic organ diseases 
14 Congenital heart disease 32 Circulation system disease 
15 Neural tube defects 33 Urinary system disease 
16 Down syndrome 34 Other 
17 Other congenital abnormalities 35 Unclear diagnosis 









Dysentery DYS Dysentery infections, common symptoms are high fever, 
convulsions, coma, shock and bloody and purulent stool in late 
stage. 
Sepsis SEP Severe bacterial infections mostly come from umbilical or skin 
infection. Most common symptoms are high fever, rash, 
abdominal distension, hepatosplenomegaly for children, 
hypothermia, milk refusal, pale or grey complexion, jaundice, 
and convulsions for newborns. Children die of septic shock, 
disseminated intravascular coagulation (DIC) and 
cardiopulmonary failure. 
Measles MES Children have measles exposure history, Koplik's spots and 
related characteristic skin rash and die of complications such as 
measles pneumonia. 
Tuberculosis TB Most are primary complex. Children normally die of tuberculous 
meningitis or miliary tuberculosis, some die of tuberculous 
pleurisy, caseous pneumonia or tuberculosis peritonitis. 
Other infectious and 
parasitic diseases 
OT-inf All other notifiable infectious diseases except dysentery, sepsis, 
measles and tuberculosis, such as diphtheria, epidemic 
cerebrospinal meningitis, whooping cough, scarlet fever, typhoid 
and paratyphoid fevers, viral hepatitis, poliomyelitis, Japanese 
encephalitis, typhus, relapsing fever, kala-azar, Tick-Borne 
encephalitis, rabies, scrub typhus, hemorrhagic fever, 
leptospirosis, brucellosis, anthrax, malaria and schistosomiasis, 
etc. 
All infectious and 
parasitic diseases 
ALL-inf Total deaths because of the above infectious and parasitic 
diseases. 
Leukemia LKM Malignant proliferation of white blood cells in bone marrow and 
other hematopoietic organs, resulting in a large number of 
immature white blood cells and released into the surrounding 




tendency, lymphadenectasis, hepatosplenomegaly, severe 
anemia. Children normally die of infections, intracranial 
bleeding, etc. 
Other tumor OT-tm All other malignancies except leukemia, such as 
lymphosarcoma, Hodgkin's disease, brain tumors, etc. 
All tumor ALL-tm Total deaths because of the above tumors. 
Meningitis  MENI Suppurative meningitis (not epidemic meningitis or tuberculous 
meningitis). Most common symptoms are fever, vomiting, 
convulsions, even coma, and infection lesions such as skin 
purulent lesions, otitis media, etc. Children normally die of 
cerebral hernia and systemic failure.  
Other neurological 
disease 
OT-neu Acute infectious multiple nerve root inflammation 
(Guillain-Barre syndrome), status epilepticus, cerebral palsy, 
brain abscess, etc. 
All neurological 
disease 
ALL-neu Total deaths because of the above neurological diseases. 
Pneumonia PN Including bronchial pneumonia, bronchiolitis, lobar pneumonia 
and neonatal pneumonia. Most common symptoms are fever, 
cough, dyspnea, nasal ala flap, three concave sign, medium and 
fine bubbling rales in lung, and shadows on chest X-ray. For 
neonates, the symptoms are note very obvious, common 
symptoms are: foaming at the mouth, low response, milk refusal, 
hypothermia; fever, cough are not obvious, no moist rale in lung. 




OT-res Including asthma (mainly referring to status asthmaticus), 
empyema, pneumothorax, lung abscess, idiopathic fibrosing 
alveolitis and bronchiectasis. 
All respiratory 
diseases 
ALL-res Total deaths because of the above respiratory diseases. 
Diarrhea DI Including infectious and non- infectious diarrhea, common 
infectious diarrhea include bacterial diarrhea (escherichia coli 
and staphylococcus aureus) and viral enteritis (mainly rotavirus 




dehydration, electrolyte imbalance and circulatory failure. 
Other digestive 
diseases 
OT-dig Including gastric and duodenal ulcer, acute appendicitis, 
peritonitis, intestinal obstruction and intussusception. 
All digestive 
diseases 
ALL-dig Total deaths because of the above respiratory diseases. 
Congenital heart 
disease 
CGH Including a variety of congenital cardiovascular malformations, 
both cyanotic and non- cyanotic. Most common are patent 
ductus arteriosus, atrial septal defect, ventricular septal defect 
and tetralogy of fallot, etc. 
Neural tube defects NTD Including spina bifida, encephalocele, anencephaly, etc. 
Down syndrome DS Children with features of upward slanting eyes, wide eye span, 
flat nasal bridge, half-open mouth with a protruding tongue, 
mental deficiency and soft bending limbs. 
Other congenital 
abnormalities 
OT-CA All other congenital abnormalities except congenital heart 
disease 
neural tube defects and Down syndrome, such as cleft lip and 
palate, aproctia, limb deformity, esophageal atresia, etc. 
All congenital 
abnormalities 
ALL-CA Total deaths because of the above congenital abnormalities. 
Preterm or low birth 
weight 
PB Preterm birth refers to the birth of a baby after 28 weeks but 
before 37 weeks (196-258 days) gestational age. Low birth 
weight is a birth weight of a liveborn infant of less than 2,500g 
measured within 1 hour after birth. 
Birth asphyxia BA Including asphyxia during delivery or intrauterine asphyxia, the 
symptoms are dyspnea, cyanosis or pale, weak cry even groan, 
hypothermia or convulsions after rescue. It often occurs in 
situations where mothers with pregnancy-induced hypertension, 
prolong labour, umbilical cord around the neck, etc. Newborns 
born without the four main vital signs (body temperature, blood 
pressure, pulse/heart rate, and breathing rate) are stillborn, not 
birth asphyxia. 
Neonatal tetanus NT Caused by traditional delivery methods or unstrict disinfection, 
incubation period is four to six days. Features are: lock-jaw, 




convulsions after stimulation. Children normally die of asphyxia 
caused by convulsions or secondary infections. 
Neonatal scleredema NS Often occur among preterm, low-birth weight and illness 
newborns in winter or cold season. Common symptoms are 
hypothermia, no eating, less move, less crying, slow shallow 
breathing, hard, cold, red, swollen and bright skin with locations 
of lower limbs→haunch→trunk→face. Children normally die of 
asphyxia caused by complicated with pneumonia, septicemia, 
pulmonary hemorrhage or systemic failure. 
Intracranial 
haemorrhage 
IH Children have hypoxia history such as birth trauma, dystocia or 
birth asphyxia, and common neurological symptoms: straight 
eye expression or staring, sharp cry or np cry, cerebral cry 
vomiting, and even convulsions, coma. Physical signs are mainly 
bregmatic eminence, increased or reduced muscle tension, 
diminished or disappeared primitive reflexes. Children in late 
stage have respiratory failure symptoms such as apnea, 
superficial, uneven or double respiration, jaw breathing, etc. 
Other neonatal 
diseases 
OT-neo Including neonatal hemolytic diseases (ABO hemolysis, Rh 
hemolytic), neonatal natural bleeding, hyaline membrane disease 
(neonatal respiratory distress syndrome), etc. 
All neonatal diseases ALL-neo Total deaths because of the above neonatal diseases. 
Drowning DW Swimming drowning or falling into the water. 
Traffic accident TA Accidents by trains, cars, trucks, other vehicles and aircraft, 
ships etc. 
Accidental asphyxia AA Smothered by quilt, accidentally crushed by mother when she 
turned over, suffocated with mother's nipple in mouth, or 
abnormal-objects in trachea, etc. 
Accidental poisoning AP Poisoned from drugs, poisons (DDT, pesticides), gas and food. 
Accidental fall AF Fall from a height (buildings, balconies, cliff and trees). 
Other accidents OT-acc All other injuries or violence except drowning, Traffic accident, 
accidental asphyxia, accidental poisoning and accidental fall, 
such as electrocution, death by stoned, hacked, bited, burned, 
gun shot, infanticide by drowning, abandonment, etc. 







ENM Such as diabetes mellitus, diabetes insipidus, galactosemia, 





HHO Such as anemia, hemolytic disease, aplastic anemia, 
thrombocytopenic purpura and hemophilia, etc. 
Circulation system 
disease 
CSD Such as rheumatic heart disease, myocarditis, pericarditis and 
Keshan disease, etc. 
Urinary system 
disease 
USD Such as acute glomerulonephritis and nephrotic syndrome, etc. 
Other OT All other causes with a clear diagnosis, but does not belong to 
the above 33 cause classifications. 
Unclear diagnosis UCD Deaths without medical-seeking before death or a clear 
diagnosis, and couldn’t be inferred by verbal autopsy. 
*Note: death cause definitions come from the “National Maternal and Child Health 





Appendix Table 4 level-one ethical self-assessment 
 
 
Level One Ethics (Self) assessment is normally to be carried out by the Principal 
Investigator.  For Honours and taught Masters students this is done by the dissertation 
supervisor on behalf of the programme manager.  For MTh/MSC by research and 
PhD students the assessment is carried out by the first supervisor.  For Post-doctoral 
Fellows this is done in collaboration with the mentor who is responsible for 
confirming that it has been carried out. 
 
Title of Project: Causes of death in children younger than 5 years in China in 2015: an 
updated analysis 
Funding Body (if applicable):  
Principal Invest./ Supervisor/ Prog. Manager name: Kit Yee Chan 
Student name and matriculation Number: Peige Song (s1427656) 
Type of student:               PhD                  Masters by Research √      
                               Taught Masters       Honours                              
 
 
Protection of research subject confidentiality 
Are there any issues of confidentiality which are not adequately handled by the normal tenets 
of ethical academic research? 
                                         NO  √                    YES     
If yes, Level Two Ethics review required 
These include mutually understood agreements about: 
 Non attribution of individual responses 
 Individuals and organisations being anonymised in publications and presentations, if requested 
 Feedback to collaborators, rights to edit responses, and intellectual property rights and publication 
 
Data protection and Consent 
Are issues of data handling and consent dealt with adequately and following procedures? 
                                         NO                     YES   √  
If No, Level Two Ethics review required 
 
NEANERY OF MOLECULAR, GENETIC AND POPULATION HEALTH SCIENCES  
ETHICS IN RESEARCH COMMITTEE 





 Will respondents consent be sought regarding the collection of personal data? 
 Are there special issues about informed consent or confidentiality in this case? 
 Is the research compliant with UOE procedures (www.recordsmanagment.ed.ac.uk) 
 
Moral Issues and Researcher/Institutional Conflicts of Interest 
Do any special moral issues/conflicts of interest arise? 
                                         NO √                     YES     
If yes, Level Two Ethics review required 
For example: 
 Might the researcher compromise the research objectivity or independence in return for financial or 
non-financial benefit for her/himself or for a relative or friend? 
 Are there particular moral issues or concerns that may arise, for example where the purposes of the 
research are concealed, where respondents are unable to provide informed consent or where research 
findings impinge negatively or differentially upon the interests of participants? 
 Does the research involve vulnerable persons such as children, institutionalised persons or others entitled 
to protection and special procedures to protect their interests? 
 
Potential physical or psychological harm, discomfort, or stress 
Is there significant foreseeable potential for psychological harm or stress for those involved in 
your research?                                          YES                    NO √ 
Is there significant foreseeable potential for physical harm or stress for those involved in your 
research?                                               YES                    NO √ 
Is there significant foreseeable risk to the researcher?    YES                    NO √ 





SELF AUDIT HAS BEEN CONDUCTED?        YES  √                NO 
Were any risks identified?                          YES                    NO √ 










Appendix Table 5 Full list of publications that retained for model constructing 
ID Studies published in Chinese (N=286) 
C1 Bu-Han Buer, Yu-Mei Sun, et al. 布尔布汗,孙玉梅,等 (2009). An analysis of deaths of children 
under 5 years old in Aletai area in 2006* (2006年阿勒泰地区 5岁以下儿童死亡情况分析). Endemic 
Disease Bulletin (地方病通报). 24(2): 49-51 
C2 Jun Chen, Hong Deng, et al. 陈军,邓虹,等 (2009). Death monitoring and countermeasures of 
children under 5 years old in Anqing city* (安庆市 5 岁以下儿童死亡监测与干预措施). Strait J Prev 
Med (海峡预防医学杂志). 15(5): 24-25 
C3 Yan-Chun Chen, Cui-Ping Li, et al. 陈艳春,李翠平,等 (2009). The results of death monitoring of 
children under 5 years old in Chengde city from 2001 to 2007* (2001-2007年承德市 5岁以下儿童死
亡监测结果). Practical Preventive Medicine (实用预防医学). 16(1): 179-180 
C4 Ming Fang 方明 (2009). Analysis and countermeasures of the results of monitoring death of children 
under 5 years old in Wujin district* (武进区 5 岁以下儿童死亡监测结果分析及干预措施). Jiangsu 
Health Care (江苏卫生保健). 11(3): 41-42 
C5 Ju-Ai Gu, Zhi-Qin Wang, et al. 谷聚爱,王志芹,等 (2009). Analysis and interventions of death 
investigation on children under 5 years old in Zanhuang county from 2004 to 2008* (赞皇县 2004～
2008 年 5 岁以下儿童死亡状况调查分析及干预措施). Clinical Misdiagnosis & Mistherapy (临床误
诊误治). 22(10): 90-91 
C6 Yu-Jing Gu 顾宇静 (2009). An analysis of monitoring deaths of floating children under 5 years old in 
Wuxi city, China from 2006 to 2008* (无锡市2006～2008年5岁以下流动家庭儿童死亡监测分析). 
China Prac Med (中国实用医药). 4(29): 258-259 
C7 Rong-Rong Huang 黄容荣 (2009). An analysis of monitoring deaths of children under 5 years old in 
Guigang city, China from 2002 to 2007* (2002～2007 年贵港市 5 岁以下儿童死亡监测结果分析). 
Maternal & Child Health Care of China (中国妇幼保健). 24(18): 2530-2531 
C8 Su Huang 黄素 (2009). An analysis of monitoring deaths of children under 5 years old in Yuyao city, 
China from 2004 to 2008* (2004 年～2008 年余姚市五岁以下儿童死亡监测分析). Chinese Journal 
of Birth Health & Heredity (中国优生与遗传杂志). 17(12): 117-121 
C9 Xiao-Li Huang 黄小利 (2009). Investigation on deaths of children under 5 years old in Mei county 
from 1999 to 2006* (梅县 1999-2006 年 5 岁以下儿童死亡情况的调查). IMHGN (国际医药卫生导




C10 Chi-Xiao Jiang 姜赤晓 (2009). Analysis of death situation of children under five years old in 
Yingshan county during 2001-2005 (英山县 2001～2005 年五岁以下儿童死亡情况分析). Clinical 
Medical Engineering (临床医学工程). 16(5): 60-61 
C11 Hua Jiang, Li-Na Ma 姜华,马丽娜 (2009). An analysis of deaths of children under 5 years old in 
Changchun city from 2006 to 2008* (长春市 2006-2008 年 5 岁以下儿童死亡分析). Practical 
Preventive Medicine (实用预防医学). 16(6): 1864-1865 
C12 Ping Lei 雷平 (2009). An analysis of death causes of children under 5 years old in Haidong area from 
2004 to 2007* (海东地区 2004 年—2007 年 5 岁以下儿童死亡原因分析). Qinghai Medical Journal 
(青海医药杂志). 39(3): 70-72 
C13 Gang-Ling Li, Hui-Ping Li 李刚玲,李惠萍 (2009). An analysis of deaths of children under 5 years 
old in Yanqi county, Xinjiang province in last decade* (新疆巴州焉耆县 0～4 岁儿童 10 年死亡情况
分析). Chinese Community Doctors (中国社区医师). 11(15): 250 
C14 Jing-Jing Li, Jian-Ping Guo, et al. 李晶晶,郭建平,等 (2009). An analysis of monitoring deaths of 
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怀来县 5 岁以下儿童死亡监测分析). Maternal & Child Health Care of China (中国妇幼保健). 
24(12): 1658-1659 
C15 Zi-Mei Li, Yi Zhao 李自梅,赵一 (2009). An analysis of death monitoring result of children under 5 
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Haikou (海口市 2000～2008年 5岁以下儿童死亡监测分析). Journal of Hainan Medical College (海
南医学院学报). 15(11): 1462-1464 
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Appendix Figure 1 The association between U5MR and proportions of different age groups in children under five years based on the nine 
testing models 
*Note: (A) Box–and–whisker plot of the proportions (Y-axis) of three separate age group: medians, inter–quartile ranges, maximum and minimum value 
observed in the studies that provided adequate information, the number of studies available for each age group is presented below X–axis; (a) The 
association between U5MR and proportions of neonates in children under five years based on the nine testing models; (b) The association between 
U5MR and proportions of postneonates in children under five years based on the nine testing models; (c) The association between U5MR and 
proportions of 1-4 years children in children under five years based on the nine testing models; Data points represent studies with available information 
and the size of the “bubbles” is proportional to the total number of child deaths observed in each study, 95% confidence interval is shown across the 




























Appendix Figure 2 The association between U5MR and proportion of deaths in neonates due to the selected causes based on the nine testing 
models 
*Note: (A) Box–and–whisker plot of proportions (Y-axis) of different causes of death in neonates: medians, inter–quartile ranges, maximum and 
minimum value observed in the studies that provided adequate information, the number of studies available for each age group is presented below X–
axis; (a) The association between U5MR and proportions of deaths due to pneumonia in neonates based on the nine testing models; (b) The association 
between U5MR and proportions of deaths due to congenital heart disease in neonates based on the nine testing models; (c) The association between 
U5MR and proportions of deaths due to congenital abnormalities in neonates based on the nine testing models; (d) The association between U5MR and 
proportions of deaths due to preterm or low birth weight in neonates based on the nine testing models; (e) The association between U5MR and 
proportions of deaths due to birth asphyxia in neonates based on the nine testing models; (f) The association between U5MR and proportions of deaths 
due to intracranial haemorrhage in neonates based on the nine testing models; (g) The association between U5MR and proportions of deaths due to 
accident in neonates based on the nine testing models; Data points represent studies with available information and the size of the “bubbles” is 
proportional to the total number of child deaths observed in each study, 95% confidence interval is shown across the range of data with lower (lwr) and 






























Appendix Figure 3 The association between U5MR and proportion of deaths in postneonatal infants due to the selected causes based on the 
nine testing models 
*Note: (A) Box–and–whisker plot of the proportions (Y-axis) of different cause of death in postneonatal infant: medians, inter–quartile ranges, 
maximum and minimum value observed in the studies that provided adequate information. The number of studies available for each age group is 
presented below X–axis; (a) The association between U5MR and proportions of deaths due to pneumonia in postneonatal infants based on the nine 
testing models; (b) The association between U5MR and proportions of deaths due to congenital heart disease in postneonatal infants based on the nine 
testing models; (c) The association between U5MR and proportions of deaths due to congenital abnormalities in postneonatal infants based on the nine 
testing models; (d) The association between U5MR and proportions of deaths due to preterm or low birth weight in postneonatal infants based on the 
nine testing models; (e) The association between U5MR and proportions of deaths due to birth asphyxia in postneonatal infants based on the nine testing 
models; (f) The association between U5MR and proportions of deaths due to intracranial haemorrhage in postneonatal infants based on the nine testing 
models; (g) The association between U5MR and proportions of deaths due to accidental asphyxia in postneonatal infants based on the nine testing 
models; (h) The association between U5MR and proportions of deaths due to accident in postneonatal infants based on the nine testing models; Data 
points represent studies with available information and the size of the “bubbles” is proportional to the total number of child deaths observed in each 




























Appendix Figure 4 The association between U5MR and proportion of deaths in 1-4 years children due to the selected causes based on the nine 
tested models 
*Note: (A) Box–and–whisker plot of the proportions (Y-axis) of different cause of death in 1-4 years children: medians, inter–quartile ranges, maximum 
and minimum value observed in the studies that provided adequate information, the number of studies available for each age group is presented below 
X–axis; (a) The association between U5MR and proportions of deaths due to leukemia in 1-4 years children based on the nine testing models; (b) The 
association between U5MR and proportions of deaths due to tumor in 1-4 years children based on the nine testing models; (c) The association between 
U5MR and proportions of deaths due to meningitis in 1-4 years children based on the nine testing models; (d) The association between U5MR and 
proportions of deaths due to pneumonia in 1-4 years children based on the nine testing models; (e) The association between U5MR and proportions of 
deaths due to diarrhea in 1-4 years children based on the nine testing models; (f) The association between U5MR and proportions of deaths due to 
congenital heart disease in 1-4 years children based on the nine testing models; (g) The association between U5MR and proportions of deaths due to 
congenital abnormalities in 1-4 years children based on the nine testing models; (h) The association between U5MR and proportions of deaths due to 
accident in 1-4 years children based on the nine testing models; Data points represent studies with available information and the size of the “bubbles” is 
proportional to the total number of child deaths observed in each study, 95% confidence interval is shown across the range of data with lower (lwr) and 














































Appendix Figure 5 The association between U5MR and proportion of deaths in children under five years due to the selected causes based on 
the nine testing models 
*Note: (A) Box–and–whisker plot of the proportions (Y-axis) of different cause of death in in children under five years: medians, inter–quartile ranges, 
maximum and minimum value observed in the studies that provided adequate information, the number of studies available for each age group is 
presented below X–axis; (a) The association between U5MR and proportions of deaths due to sepsis in children under five years based on the nine 
testing models; (b) The association between U5MR and proportions of deaths due to leukemia in children under five years based on the nine testing 
models; (c) The association between U5MR and proportions of deaths due to tumor in children under five years based on the nine testing models; (d) 
The association between U5MR and proportions of deaths due to meningitis in children under five years based on the nine testing models; (e) The 
association between U5MR and proportions of deaths due to pneumonia in children under five years based on the nine testing models; (f) The 
association between U5MR and proportions of deaths due to diarrhea in children under five years based on the nine testing models; (g) The association 
between U5MR and proportions of deaths due to congenital heart disease in children under five years based on the nine testing models; (h) The 
association between U5MR and proportions of deaths due to neural tube defects in children under five years based on the nine testing models; (i) The 
association between U5MR and proportions of deaths due to congenital abnormalities in children under five years based on the nine testing models; (j) 
The association between U5MR and proportions of deaths due to preterm or low birth weight in children under five years based on the nine testing 
models; (k) The association between U5MR and proportions of deaths due to birth asphyxia in children under five years based on the nine testing 
models; (l) The association between U5MR and proportions of deaths due to intracranial haemorrhage in children under five years based on the nine 
testing models; (m) The association between U5MR and proportions of deaths due to accidental asphyxia in children under five years based on the nine 
testing models; (n) The association between U5MR and proportions of deaths due to accident in children under five years based on the nine testing 
models; Data points represent studies with available information and the size of the “bubbles” is proportional to the total number of child deaths 





Appendix Table 6 Detailed estimates for the year 2009 
 
PROVINCE LIVE BIRTHS LIVE BIRTHS U5MR TOTAL dths U5MR
(1-31) (Ch.Bu.Stat. 2009) (Fitted to UN 2009) (IHME 2013) (UN+IHME) (CHERG 2009) Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total
1 Anhui 801583 877798 12.8 11236 16.7 7981 3040 3612 14633 2438 73 0 2511 2482 69 0 2551 740 445 480 1666 154 17 0 171 946 943 259 2148 102 294 284 680 404 249 1420 2073 239 598 108 946
2 Beijing 146329 160242 4.9 785 6.4 538 224 261 1023 113 3 0 116 168 5 0 173 79 73 33 185 22 2 0 24 48 21 23 92 2 2 7 11 9 22 91 122 16 38 8 62
3 Chongqing 282051 308868 13.9 4293 18.1 3038 1180 1374 5591 932 28 0 960 936 26 0 962 268 156 173 598 56 6 0 62 373 388 103 864 43 128 114 285 154 96 536 786 91 214 41 346
4 Fujian 445605 487973 9.6 4685 12.5 3343 1231 1526 6101 972 29 0 1001 1063 30 0 1093 367 247 227 841 78 9 0 87 355 301 102 758 30 71 96 197 150 105 608 864 100 285 46 431
5 Gansu 340060 372392 25.7 9570 33.5 6359 3251 2854 12464 1755 52 0 1807 1741 48 0 1789 385 173 183 741 84 9 0 94 1070 1476 386 2932 157 614 275 1046 196 258 1025 1479 191 165 86 442
6 Guangdong 1179355 1291488 6.7 8653 8.7 6097 2314 2858 11269 1545 46 0 1591 1946 54 0 2000 802 627 421 1851 187 21 0 208 581 377 206 1163 32 56 123 210 181 213 1107 1500 183 514 86 782
7 Guangxi Zhuang AR 685261 750416 12.5 9380 16.3 6669 2529 3019 12216 2033 61 0 2094 2079 58 0 2137 628 381 407 1415 130 14 0 145 783 771 214 1768 83 236 234 553 337 208 1189 1733 200 508 91 798
8 Guizhou 486827 533115 21.2 11302 27.6 7709 3526 3484 14719 2258 67 0 2325 2209 61 0 2270 527 257 291 1075 112 12 0 124 1164 1477 370 3011 164 596 333 1093 305 280 1297 1881 231 314 105 650
9 Hainan 125929 137903 17.5 2413 22.8 1680 704 760 3143 510 15 0 525 500 14 0 514 129 68 79 276 27 3 0 30 230 267 67 563 30 101 69 200 78 56 290 424 50 93 23 166
10 Hebei 906587 992785 13.8 13700 18.0 9698 3759 4386 17843 2975 89 0 3064 2990 83 0 3073 860 502 556 1918 178 20 0 198 1187 1230 326 2743 135 405 361 901 491 305 1714 2510 291 687 132 1110
11 Heilongjiang 286147 313354 12.6 3948 16.4 2806 1066 1270 5142 856 25 0 882 874 24 0 899 263 159 170 592 55 6 0 61 330 327 90 748 35 101 99 235 142 87 500 729 84 213 38 335
12 Henan 1082941 1185907 13.3 15773 17.3 11185 4297 5060 20541 3426 102 0 3528 3464 96 0 3560 1014 601 657 2272 210 23 0 234 1347 1371 369 3087 150 440 408 997 567 351 1983 2900 336 816 152 1303
13 Hubei 541829 593347 12.5 7417 16.3 5273 1999 2387 9659 1608 48 0 1655 1644 46 0 1690 496 301 322 1119 103 11 0 115 619 610 169 1398 66 186 185 437 266 164 940 1370 158 401 72 631
14 Hunan 834287 913610 11.1 10141 14.5 7232 2692 3283 13207 2170 65 0 2235 2280 63 0 2343 730 464 468 1662 153 17 0 170 810 748 224 1782 78 206 234 518 353 225 1302 1880 217 587 98 903
15 Jiangsu 743563 814261 6.2 5048 8.1 3538 1366 1671 6575 861 26 0 886 1126 31 0 1157 481 390 240 1111 116 13 0 129 330 199 125 654 16 27 65 108 92 128 636 856 106 290 50 446
16 Jiangxi 612499 670736 17.1 11470 22.3 8000 3320 3618 14937 2434 72 0 2506 2389 67 0 2456 623 334 384 1340 130 14 0 144 1081 1244 311 2637 140 465 328 932 377 265 1384 2027 240 455 109 804
17 Jilin 183105 200515 8.4 1684 10.9 1199 443 552 2194 335 10 0 345 383 11 0 394 142 100 84 325 31 3 0 34 122 95 37 254 9 19 31 59 48 39 219 306 36 104 17 157
18 Liaoning 262277 287214 8.7 2499 11.3 1781 656 817 3254 503 15 0 518 569 16 0 584 206 144 124 474 45 5 0 50 183 146 55 383 14 31 47 92 73 57 326 456 53 154 25 232
19 Neimenggu (Inner Mongolia) AR 234561 256863 15.4 3956 20.1 2782 1113 1258 5152 853 25 0 878 845 24 0 868 231 129 147 506 48 5 0 53 358 391 100 849 44 138 109 291 138 90 486 714 83 178 38 299
20 Ningxia Hui AR 89372 97869 18.4 1801 24.0 1248 534 564 2345 376 11 0 387 368 10 0 378 93 48 56 197 19 2 0 22 175 208 52 435 23 80 52 156 56 42 214 313 37 64 17 119
21 Qinghai 80603 88267 21.7 1915 28.3 1303 603 588 2495 379 11 0 391 371 10 0 382 88 42 48 178 19 2 0 21 199 255 64 519 28 104 56 188 50 48 218 316 39 51 18 108
22 Shaanxi (Qin) 381184 417427 16.2 6762 21.1 4737 1927 2142 8807 1448 43 0 1492 1428 40 0 1467 381 209 239 829 79 9 0 88 624 700 177 1500 78 254 190 523 230 155 824 1209 142 287 64 494
23 Shandong 1104890 1209942 9.9 11978 12.9 8550 3153 3897 15600 2505 75 0 2580 2715 76 0 2791 922 612 577 2111 196 22 0 217 918 793 261 1972 79 195 253 527 392 268 1553 2213 257 724 117 1097
24 Shanghai 187963 205835 6.9 1420 9.0 1003 378 469 1850 258 8 0 265 320 9 0 329 130 100 70 300 30 3 0 33 96 64 33 194 5 10 21 36 31 35 182 248 30 85 14 129
25 Shanxi (Jin) 371645 406981 10.3 4192 13.4 2992 1106 1361 5459 885 26 0 911 948 26 0 974 315 206 199 721 67 7 0 74 326 288 92 706 29 74 91 194 141 93 542 776 90 250 41 381
26 Sichuan 746777 817781 15.3 12512 19.9 8802 3513 3980 16295 2700 80 0 2780 2676 74 0 2750 733 411 466 1611 152 17 0 169 1128 1231 315 2674 137 433 345 916 436 283 1540 2260 264 568 119 951
27 Tianjin 99766 109252 7.7 841 10.0 597 222 276 1096 161 5 0 166 191 5 0 196 74 54 42 170 16 2 0 18 59 43 19 121 4 8 14 26 22 20 109 151 18 52 8 78
28 Xinjiang Wei AR 342986 375597 32.1 12057 41.8 7714 4615 3373 15702 1929 57 0 1987 1984 55 0 2039 403 164 149 717 93 10 0 103 1488 2250 641 4380 219 928 314 1460 161 370 1138 1670 231 77 101 410
29 Xizang (Tibet) AR 45011 49291 41.5 2046 54.0 1241 925 499 2664 266 8 0 274 293 8 0 301 54 20 13 87 14 2 0 15 285 478 153 916 40 183 42 265 14 76 151 242 14 17 15 46
30 Yunnan 570992 625282 19.6 12256 25.5 8435 3712 3814 15961 2514 75 0 2589 2457 68 0 2525 605 305 350 1260 127 14 0 141 1221 1497 372 3090 168 590 359 1117 360 295 1436 2091 253 395 114 762
31 Zhejiang 535937 586894 8.0 4695 10.4 3338 1236 1541 6115 915 27 0 942 1067 30 0 1097 404 292 233 929 89 10 0 99 334 251 105 689 23 48 81 152 126 109 611 846 100 290 46 436
Total China (1) 14737923 16139204 210429 146867 60633 66552 274052 42913 1277 0 44190 44506 1239 0 45745 13172 8018 7886 29076 2820 313 0 3133 18770 20439 5819 45028 2161 7023 5221 14404 6378 4992 25574 36944 4382 9474 1997 15853




Appendix Table 7 Detailed estimates for the year 2010 
 
PROVINCE LIVE BIRTHS LIVE BIRTHS U5MR TOTAL dths U5MR
(1-31) (Ch.Bu.Stat. 2010) (Fitted to UN 2010) (IHME 2013) (UN+IHME) (CHERG 2010) Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total
Anhui 767588 832982 12.8 10662 15.4 6824 2643 3400 12866 2132 63 0 2196 2205 61 0 2266 654 423 471 1548 142 16 0 158 784 784 237 1804 82 211 254 547 341 219 1270 1830 205 553 102 859
Beijing 142943 155121 4.9 760 5.9 464 205 248 917 95 3 0 98 148 4 0 153 69 69 30 168 21 2 0 23 41 15 24 80 1 1 6 8 6 21 79 106 14 32 7 53
Chongqing 263362 285799 13.9 3973 16.8 2535 997 1262 4794 799 24 0 823 812 23 0 835 231 145 167 543 50 6 0 56 301 314 91 706 34 91 100 224 128 82 469 679 76 195 38 309
Fujian 414680 450009 9.6 4320 11.6 2768 1051 1394 5213 812 24 0 836 911 25 0 936 314 226 210 750 70 8 0 78 286 242 93 621 23 47 82 152 117 91 525 732 83 247 42 372
Gansu 308179 334434 25.7 8595 31.0 5190 2610 2572 10372 1516 45 0 1561 1493 42 0 1535 329 158 184 670 73 8 0 81 836 1157 314 2306 125 459 248 832 178 207 885 1270 156 170 77 403
Guangdong 1149919 1247886 6.7 8361 8.1 5266 2095 2728 10089 1322 39 0 1361 1728 48 0 1776 714 598 392 1704 178 20 0 197 492 308 204 1005 25 35 106 165 137 196 981 1314 158 445 82 685
Guangxi Zhuang AR 668773 725749 12.5 9072 15.1 5809 2242 2896 10947 1810 54 0 1863 1881 52 0 1934 564 369 406 1339 123 14 0 137 661 653 200 1514 68 171 213 452 288 186 1084 1558 174 477 87 738
Guizhou 489717 531438 21.2 11266 25.6 6967 3164 3465 13595 2140 64 0 2204 2091 58 0 2149 494 260 317 1071 108 12 0 120 1010 1288 339 2636 143 484 326 953 297 251 1232 1780 209 335 104 648
Hainan 127462 138321 17.5 2421 21.1 1524 639 758 2921 480 14 0 495 473 13 0 487 121 69 84 275 26 3 0 29 201 235 63 498 26 80 67 174 74 51 276 401 46 95 23 164
Hebei 940471 1020594 13.8 14084 16.7 8991 3531 4474 16996 2832 84 0 2916 2883 80 0 2964 823 518 595 1936 179 20 0 199 1065 1108 320 2493 118 319 352 789 455 289 1663 2408 270 695 134 1099
Heilongjiang 281468 305448 12.6 3849 15.2 2464 952 1228 4644 768 23 0 791 797 22 0 820 238 155 171 565 52 6 0 58 281 279 85 645 29 74 91 194 123 79 459 661 74 201 37 312
Henan 1088179 1180886 13.3 15706 16.0 10040 3914 4999 18952 3151 94 0 3245 3232 90 0 3322 940 600 679 2218 204 23 0 227 1172 1195 353 2719 126 333 384 843 506 322 1863 2691 301 795 150 1246
Hubei 593006 643527 12.5 8044 15.1 5151 1988 2568 9707 1605 48 0 1652 1668 46 0 1714 501 327 360 1187 109 12 0 121 586 579 177 1342 60 152 189 401 256 165 961 1381 155 423 77 654
Hunan 849928 922337 11.1 10238 13.4 6567 2502 3285 12354 2002 60 0 2061 2146 60 0 2205 685 467 481 1633 151 17 0 168 715 660 221 1595 66 153 220 439 309 211 1236 1756 197 567 99 862
Jiangsu 762783 827768 6.2 5132 7.5 3212 1304 1677 6193 771 23 0 794 1049 29 0 1079 449 391 233 1073 116 13 0 128 295 169 132 595 13 17 59 88 73 125 589 787 96 261 50 408
Jiangxi 610128 662108 17.1 11322 20.6 7140 2972 3550 13663 2254 67 0 2321 2226 62 0 2288 575 332 404 1311 125 14 0 139 930 1075 288 2294 119 363 312 794 349 239 1295 1883 214 458 107 778
Jilin 217011 235499 8.4 1978 10.1 1263 483 641 2387 353 11 0 363 416 12 0 428 154 117 97 368 36 4 0 39 125 96 44 265 9 15 33 57 46 43 240 329 38 113 19 170
Liaoning 291114 315915 8.7 2748 10.5 1757 670 890 3317 498 15 0 512 579 16 0 595 210 157 135 502 48 5 0 53 176 139 60 375 12 23 47 83 67 59 334 460 53 157 27 237
Neimenggu (Inner Mongolia) AR 229245 248775 15.4 3831 18.6 2433 981 1210 4623 770 23 0 793 770 21 0 791 209 126 150 484 45 5 0 50 302 332 92 726 36 104 101 242 123 79 446 648 73 173 36 282
Ningxia Hui AR 88941 96518 18.4 1776 22.2 1113 476 554 2143 349 10 0 360 343 10 0 353 86 48 59 193 19 2 0 21 150 180 48 378 20 63 50 133 53 38 200 291 33 66 17 116
Qinghai 83664 90792 21.7 1970 26.2 1215 558 604 2377 371 11 0 383 363 10 0 373 85 44 54 183 19 2 0 21 178 230 61 469 25 87 57 170 51 44 214 309 36 56 18 111
Shaanxi (Qin) 363026 393954 16.2 6382 19.5 4040 1653 2009 7701 1278 38 0 1316 1270 35 0 1305 336 198 239 774 73 8 0 81 513 578 157 1249 64 188 173 425 201 133 737 1071 121 274 60 455
Shandong 1110129 1204706 9.9 11927 11.9 7646 2902 3844 14392 2263 67 0 2330 2512 70 0 2582 852 607 577 2036 190 21 0 212 799 688 257 1744 66 139 233 437 331 250 1448 2029 229 678 115 1023
Shanghai 159083 172636 6.9 1191 8.3 752 297 388 1437 192 6 0 197 247 7 0 254 101 83 56 240 25 3 0 27 71 46 29 145 4 5 16 25 21 28 141 189 23 64 12 98
Shanxi (Jin) 373853 405703 10.3 4179 12.4 2680 1018 1345 5043 802 24 0 826 879 24 0 904 292 205 201 697 65 7 0 72 284 251 90 625 24 53 85 162 120 87 507 713 80 236 40 357
Sichuan 724670 786408 15.3 12032 18.5 7643 3076 3800 14519 2419 72 0 2491 2421 67 0 2488 658 397 472 1528 143 16 0 158 947 1037 287 2270 113 324 317 755 386 249 1401 2036 229 546 114 889
Tianjin 103354 112159 7.7 864 9.3 549 212 281 1042 148 4 0 152 181 5 0 186 70 55 42 167 17 2 0 18 53 38 20 111 3 5 13 22 18 19 104 141 16 48 8 73
Xinjiang Wei AR 347303 376891 32.1 12098 38.7 7053 4108 3437 14599 1888 56 0 1944 1913 53 0 1967 389 169 174 732 90 10 0 101 1297 1963 577 3837 198 794 325 1317 170 328 1118 1617 212 111 103 426
Xizang (Tibet) AR 47084 51095 41.5 2120 50.1 1176 843 541 2559 273 8 0 281 294 8 0 302 54 21 17 93 14 2 0 15 256 427 143 826 38 166 47 251 16 69 159 244 15 19 16 50
Yunnan 600832 652020 19.6 12780 23.7 7966 3493 3962 15421 2480 74 0 2554 2427 68 0 2495 592 322 395 1309 129 14 0 143 1109 1366 359 2834 152 496 366 1014 361 278 1423 2063 239 431 119 789
Zhejiang 550626 597536 8.0 4780 9.7 3044 1172 1552 5768 834 25 0 859 1004 28 0 1032 380 295 233 908 89 10 0 99 298 220 108 626 19 33 75 127 104 105 577 787 91 270 47 408
Total China (1) 14748521 16005017 208461 131241 54753 65560 251554 39407 1173 0 40580 41365 1151 0 42516 12169 7950 8087 28206 2727 303 0 3030 16216 17649 5469 39334 1841 5486 4949 12276 5704 4544 23914 34162 3917 9191 1967 15075




Appendix Table 8 Detailed estimates for the year 2011 
 
PROVINCE LIVE BIRTHS LIVE BIRTHS U5MR TOTAL dths U5MR
(1-31) (Ch.Bu.Stat. 2011) (Fitted to UN 2011) (IHME 2013) (UN+IHME) (CHERG 2011) Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total
Anhui 729214 806558 12.8 10324 14.3 6033 2341 3124 11497 1885 56 0 1941 1987 55 0 2042 603 409 448 1460 134 15 0 149 672 654 213 1538 66 156 220 443 293 196 1148 1637 181 515 94 789
Beijing 165012 182515 4.9 894 5.5 492 229 275 996 96 3 0 99 158 4 0 162 74 80 31 185 24 3 0 26 43 13 28 84 1 1 6 8 5 24 81 111 15 31 8 54
Chongqing 286718 317128 13.9 4408 15.5 2571 1009 1329 4909 814 24 0 838 841 23 0 864 245 161 184 590 54 6 0 60 296 301 93 689 31 78 100 209 129 83 486 698 77 211 40 328
Fujian 422912 467768 9.6 4491 10.7 2618 1010 1374 5001 756 22 0 778 873 24 0 898 309 233 208 750 72 8 0 80 264 215 93 571 19 35 74 129 102 89 505 695 79 237 41 357
Gansu 309490 342316 25.7 8798 28.6 4894 2382 2522 9797 1482 44 0 1527 1452 40 0 1493 324 164 201 689 73 8 0 81 753 1024 279 2056 112 392 242 746 186 189 862 1237 147 194 76 417
Guangdong 1094429 1210510 6.7 8110 7.5 4626 1903 2503 9032 1123 33 0 1156 1530 43 0 1573 647 571 348 1566 169 19 0 188 424 246 197 867 19 22 87 128 104 182 860 1146 139 381 75 594
Guangxi Zhuang AR 634430 701721 12.5 8772 13.9 5127 1984 2657 9768 1595 47 0 1642 1692 47 0 1739 520 356 384 1260 116 13 0 129 566 543 180 1289 55 126 184 365 246 166 977 1390 154 442 80 675
Guizhou 462389 511433 21.2 10842 23.6 6162 2733 3179 12075 1943 58 0 2000 1902 53 0 1954 456 253 318 1027 101 11 0 112 857 1071 288 2216 119 381 294 793 280 218 1118 1616 185 339 95 619
Hainan 128506 142136 17.5 2487 19.5 1436 594 740 2770 460 14 0 474 457 13 0 470 119 72 88 279 26 3 0 29 182 208 58 448 23 66 64 152 72 48 266 385 43 99 22 164
Hebei 939719 1039390 13.8 14344 15.4 8369 3279 4326 15974 2646 79 0 2725 2739 76 0 2815 800 528 600 1928 177 20 0 197 960 973 301 2233 101 251 323 675 417 271 1583 2272 251 688 130 1069
Heilongjiang 267962 296383 12.6 3734 14.0 2183 845 1131 4159 680 20 0 700 720 20 0 740 220 150 163 534 49 5 0 55 242 233 77 551 24 55 79 157 105 71 416 592 65 187 34 287
Henan 1086235 1201448 13.3 15979 14.8 9331 3637 4827 17795 2935 87 0 3022 3064 85 0 3149 912 610 681 2203 203 23 0 225 1055 1048 332 2435 108 260 351 719 460 302 1771 2533 280 782 145 1207
Hubei 596698 659987 12.5 8250 13.9 4822 1866 2499 9187 1500 45 0 1545 1591 44 0 1635 489 335 361 1185 109 12 0 121 532 511 169 1213 51 119 173 343 232 157 919 1307 145 415 75 635
Hunan 878831 972044 11.1 10790 12.4 6308 2424 3284 12016 1908 57 0 1965 2095 58 0 2154 686 491 490 1667 155 17 0 172 667 597 220 1484 57 120 205 383 281 207 1211 1699 189 563 99 851
Jiangsu 756076 836269 6.2 5185 6.9 2935 1238 1601 5774 679 20 0 699 966 27 0 992 422 388 214 1024 115 13 0 127 265 138 133 535 11 11 50 71 57 121 535 712 88 230 48 366
Jiangxi 603230 667212 17.1 11409 19.0 6594 2710 3402 12706 2113 63 0 2176 2106 59 0 2165 554 336 413 1304 122 14 0 136 828 936 261 2026 102 291 289 682 331 219 1224 1774 198 464 102 764
Jilin 179444 198477 8.4 1667 9.4 966 378 512 1857 264 8 0 272 322 9 0 331 122 97 77 296 29 3 0 33 94 69 36 198 6 9 24 39 32 34 185 251 29 86 15 131
Liaoning 250041 276562 8.7 2406 9.7 1397 544 738 2680 388 12 0 400 466 13 0 479 174 136 111 421 41 5 0 46 137 103 51 291 9 15 36 59 48 49 269 366 42 126 22 190
Neimenggu (Inner Mongolia) AR 221444 244931 15.4 3772 17.2 2192 877 1131 4201 701 21 0 721 709 20 0 729 196 124 148 468 43 5 0 48 263 282 82 627 30 81 91 202 111 72 411 594 66 168 34 268
Ningxia Hui AR 86814 96022 18.4 1767 20.5 1016 427 524 1968 325 10 0 335 321 9 0 330 82 48 60 190 18 2 0 20 132 155 42 329 17 51 46 114 50 34 187 272 30 66 16 113
Qinghai 81602 90257 21.7 1959 24.2 1111 498 573 2181 349 10 0 359 341 9 0 351 81 44 56 181 18 2 0 20 156 197 53 407 22 71 53 146 50 40 201 290 33 59 17 110
Shaanxi (Qin) 364553 403219 16.2 6532 18.0 3787 1534 1954 7275 1213 36 0 1249 1218 34 0 1252 329 204 247 780 73 8 0 81 464 511 146 1121 55 153 161 369 192 125 707 1023 114 279 59 451
Shandong 1105438 1222686 9.9 12105 11.0 7062 2719 3699 13480 2062 61 0 2124 2355 66 0 2420 819 612 560 1991 189 21 0 210 719 597 249 1565 55 103 207 364 284 237 1361 1882 212 640 111 963
Shanghai 162053 179241 6.9 1237 7.7 707 289 382 1377 175 5 0 180 234 7 0 241 98 85 54 237 25 3 0 28 65 39 29 134 3 4 14 21 17 27 132 177 21 59 11 92
Shanxi (Jin) 375192 414987 10.3 4274 11.5 2496 960 1304 4760 739 22 0 761 832 23 0 855 283 208 197 689 65 7 0 72 257 220 87 564 20 40 76 136 104 83 481 668 75 225 39 339
Sichuan 787850 871414 15.3 13333 17.0 7751 3097 4000 14848 2476 74 0 2549 2510 70 0 2580 696 442 525 1663 154 17 0 171 927 992 289 2209 106 282 319 707 393 253 1454 2100 233 597 120 950
Tianjin 113857 125933 7.7 970 8.6 559 222 299 1080 147 4 0 151 186 5 0 191 74 61 44 179 18 2 0 20 53 36 22 111 3 4 13 20 16 21 106 143 17 49 9 75
Xinjiang Wei AR 329330 364261 32.1 11693 35.7 6299 3511 3212 13022 1768 53 0 1821 1769 49 0 1818 366 166 186 718 85 9 0 94 1102 1639 477 3218 170 654 308 1131 175 279 1045 1500 189 139 96 424
Xizang (Tibet) AR 46401 51322 41.5 2130 46.2 1095 741 536 2372 270 8 0 279 285 8 0 293 54 22 20 95 13 1 0 15 226 370 122 717 34 145 48 228 18 60 160 238 16 21 16 53
Yunnan 586757 648992 19.6 12720 21.8 7280 3130 3756 14166 2317 69 0 2386 2278 63 0 2341 565 323 406 1294 125 14 0 139 974 1175 318 2467 130 400 338 868 347 251 1333 1931 218 443 113 774
Zhejiang 516589 571381 8.0 4571 8.9 2642 1043 1406 5091 706 21 0 727 881 25 0 905 342 279 208 829 83 9 0 93 253 177 100 531 15 22 62 98 81 95 505 681 79 234 42 355
Total China (1) 14569212 16114503 209952 120859 50153 62801 233813 36514 1087 0 37600 38880 1082 0 39963 11661 7991 8032 27683 2678 298 0 2976 14429 15274 5024 34727 1576 4396 4534 10506 5215 4203 22501 31919 3609 8969 1884 14462




Appendix Table 9 Detailed estimates for the year 2012 
 
PROVINCE LIVE BIRTHS LIVE BIRTHS U5MR TOTAL dths U5MR
(1-31) (Ch.Bu.Stat. 2012) (Fitted to UN 2012) (IHME 2013) (UN+IHME) (CHERG 2012) Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total
Anhui 777140 839795 12.8 10749 13.3 5819 2255 3066 11140 1801 54 0 1855 1936 54 0 1990 606 425 450 1482 137 15 0 152 631 593 206 1431 59 128 204 391 272 191 1120 1583 175 512 92 779
Beijing 184996 199910 4.9 980 5.1 494 239 282 1015 91 3 0 94 158 4 0 162 75 85 30 190 26 3 0 28 42 9 32 83 1 0 5 7 4 26 78 108 15 29 8 52
Chongqing 318415 344086 13.9 4783 14.4 2587 1010 1359 4957 814 24 0 838 856 24 0 880 256 175 194 625 58 6 0 64 289 285 93 667 29 68 97 193 126 84 495 706 78 221 41 339
Fujian 475712 514064 9.6 4935 9.9 2656 1036 1422 5114 750 22 0 772 891 25 0 916 325 254 215 794 77 9 0 86 262 203 98 563 18 29 71 118 95 92 514 702 80 241 43 363
Gansu 311321 336420 25.7 8646 26.6 4492 2117 2352 8960 1392 41 0 1434 1361 38 0 1399 310 163 205 678 70 8 0 77 665 882 240 1787 97 327 223 648 184 168 806 1159 135 205 71 411
Guangdong 1223742 1322403 6.7 8860 6.9 4647 1966 2570 9182 1084 32 0 1116 1537 43 0 1580 667 615 344 1625 181 20 0 202 420 221 213 854 17 16 81 114 91 192 853 1135 139 368 77 584
Guangxi Zhuang AR 662217 715606 12.5 8945 13.0 4843 1874 2554 9270 1490 44 0 1535 1613 45 0 1658 511 362 377 1251 116 13 0 129 521 483 171 1175 47 101 166 315 223 159 933 1315 145 430 77 651
Guizhou 461336 498530 21.2 10569 22.0 5597 2425 2931 10953 1789 53 0 1843 1758 49 0 1807 432 248 315 995 96 11 0 107 752 915 249 1916 101 310 264 675 266 194 1031 1491 168 340 88 596
Hainan 129268 139690 17.5 2445 18.1 1312 535 687 2533 422 13 0 435 424 12 0 436 113 71 86 270 25 3 0 28 161 179 51 392 19 53 57 129 66 43 246 356 39 97 21 157
Hebei 935636 1011069 13.8 13953 14.3 7548 2945 3967 14460 2372 71 0 2443 2498 70 0 2568 751 513 568 1833 169 19 0 187 842 826 270 1938 84 195 281 559 367 246 1445 2058 226 646 119 992
Heilongjiang 279883 302448 12.6 3811 13.1 2063 799 1088 3949 636 19 0 655 687 19 0 706 217 153 160 530 49 5 0 55 222 207 73 503 20 44 71 136 95 68 397 561 62 183 33 277
Henan 1115436 1205364 13.3 16031 13.8 8677 3372 4565 16614 2708 81 0 2788 2879 80 0 2959 883 611 662 2157 199 22 0 221 954 918 309 2181 92 207 314 613 414 283 1666 2364 260 754 137 1151
Hubei 634535 685692 12.5 8571 13.0 4640 1796 2447 8883 1428 43 0 1471 1546 43 0 1589 490 347 362 1199 111 12 0 123 499 463 164 1126 45 97 160 302 214 152 894 1260 139 412 73 624
Hunan 898652 971103 11.1 10779 11.5 5828 2252 3091 11171 1735 52 0 1787 1951 54 0 2006 659 488 466 1613 152 17 0 169 602 518 207 1327 48 93 180 321 244 195 1129 1568 175 529 93 797
Jiangsu 746656 806853 6.2 5002 6.4 2602 1132 1451 5184 576 17 0 593 855 24 0 879 382 368 185 935 109 12 0 121 231 107 128 466 8 7 41 56 43 113 465 621 78 195 44 316
Jiangxi 605157 653946 17.1 11182 17.7 6008 2435 3146 11589 1933 58 0 1990 1947 54 0 2001 526 331 402 1259 117 13 0 130 731 803 232 1766 86 233 257 577 304 198 1130 1633 180 452 94 726
Jilin 157558 170260 8.4 1430 8.7 764 304 413 1482 203 6 0 209 256 7 0 263 100 83 61 244 25 3 0 27 73 50 30 153 4 6 18 28 23 28 147 197 23 67 12 103
Liaoning 269739 291486 8.7 2536 9.0 1358 537 733 2628 367 11 0 378 455 13 0 468 175 142 109 426 43 5 0 47 130 93 52 276 8 11 33 52 42 49 261 353 41 121 22 184
Neimenggu (Inner Mongolia) AR 227959 246338 15.4 3794 16.0 2047 811 1073 3931 653 19 0 673 671 19 0 690 191 125 146 462 43 5 0 47 238 248 76 562 26 66 82 174 103 67 389 558 61 166 32 259
Ningxia Hui AR 85274 92149 18.4 1696 19.1 907 375 475 1757 292 9 0 301 291 8 0 299 76 46 58 180 17 2 0 19 114 130 37 280 14 40 40 94 46 30 170 245 27 64 14 106
Qinghai 81594 88172 21.7 1913 22.5 1011 442 530 1983 322 10 0 332 316 9 0 325 77 44 56 176 17 2 0 19 137 169 46 352 19 58 48 125 47 35 186 268 30 60 16 106
Shaanxi (Qin) 379298 409877 16.2 6640 16.8 3576 1432 1874 6881 1147 34 0 1181 1166 32 0 1198 323 208 248 779 72 8 0 80 425 455 135 1015 48 126 148 322 181 117 676 974 107 280 56 443
Shandong 1149651 1242338 9.9 12299 10.3 6628 2578 3540 12746 1894 56 0 1951 2224 62 0 2285 799 617 536 1951 188 21 0 209 660 524 241 1426 46 79 184 309 246 228 1285 1759 199 603 106 908
Shanghai 225971 244189 6.9 1685 7.2 886 371 489 1746 211 6 0 217 294 8 0 302 126 114 67 307 34 4 0 37 81 44 40 164 3 4 16 23 18 36 164 218 27 72 15 113
Shanxi (Jin) 385405 416477 10.3 4290 10.7 2315 898 1233 4446 672 20 0 692 776 22 0 798 273 208 187 668 64 7 0 71 233 191 83 508 17 31 67 115 90 79 449 618 69 211 37 317
Sichuan 797441 861732 15.3 13184 15.9 7116 2817 3731 13664 2270 68 0 2337 2334 65 0 2399 666 438 510 1613 149 17 0 165 826 858 262 1946 90 225 284 599 358 232 1352 1941 213 578 112 903
Tianjin 121107 130870 7.7 1008 8.0 535 217 292 1044 136 4 0 140 179 5 0 184 73 63 42 177 19 2 0 21 50 32 22 103 3 3 11 17 14 20 101 135 16 46 9 71
Xinjiang Wei AR 340240 367671 32.1 11802 33.3 5953 3181 3097 12231 1728 51 0 1779 1713 48 0 1760 361 171 200 732 83 9 0 92 998 1451 415 2864 153 571 298 1023 185 253 1017 1455 179 165 93 437
Xizang (Tibet) AR 47262 51072 41.5 2120 43.0 1023 657 517 2197 264 8 0 272 274 8 0 281 53 22 22 97 13 1 0 14 201 322 103 627 31 128 48 206 20 53 157 230 16 23 16 55
Yunnan 586664 633961 19.6 12426 20.3 6621 2790 3466 12877 2129 63 0 2192 2106 59 0 2164 535 318 400 1252 119 13 0 132 856 1006 278 2140 111 324 303 737 326 224 1230 1780 199 439 104 742
Zhejiang 553564 598193 8.0 4786 8.3 2549 1026 1385 4959 660 20 0 680 852 24 0 876 341 288 201 830 86 10 0 95 240 158 102 500 13 17 56 85 69 95 486 651 76 221 42 339
Total China (1) 15168828 16391769 211849 113103 46623 59823 219549 33970 1011 0 34981 36802 1024 0 37827 11372 8098 7864 27333 2659 295 0 2954 13088 13345 4657 31089 1359 3596 4107 9063 4777 3953 21274 30003 3379 8727 1795 13901




Appendix Table 10 Detailed estimates for the year 2013 
 
PROVINCE LIVE BIRTHS LIVE BIRTHS U5MR TOTAL dths U5MR
(1-31) (Ch.Bu.Stat. 2013) (Fitted to UN 2013) (IHME 2013) (UN+IHME) (CHERG 2013) Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total
Anhui 773946 861221 12.8 11024 12.1 5407 2099 2904 10411 1643 49 0 1692 1817 51 0 1867 593 434 436 1463 137 15 0 152 568 508 194 1270 48 95 178 321 236 180 1053 1469 162 490 87 739
Beijing 186820 207887 4.9 1019 4.6 459 235 268 962 78 2 0 81 145 4 0 149 70 86 26 181 26 3 0 29 39 3 34 76 1 0 4 5 3 26 68 98 14 24 8 45
Chongqing 306693 341277 13.9 4744 13.1 2328 906 1246 4480 723 22 0 744 779 22 0 801 243 173 184 600 55 6 0 62 251 237 84 572 23 50 82 155 108 77 451 636 70 207 37 314
Fujian 458842 510583 9.6 4902 9.1 2380 946 1303 4629 648 19 0 667 802 22 0 824 305 250 194 749 75 8 0 83 229 166 92 487 14 20 59 92 75 86 461 622 71 214 39 324
Gansu 313712 349087 25.7 8972 24.3 4267 1936 2270 8473 1354 40 0 1394 1324 37 0 1361 310 172 220 702 70 8 0 77 602 772 211 1585 85 273 211 569 190 154 782 1126 128 228 68 424
Guangdong 1137295 1265542 6.7 8479 6.3 3990 1755 2262 8008 879 26 0 905 1316 37 0 1353 589 575 286 1449 170 19 0 189 354 160 202 716 13 9 62 84 63 176 714 953 120 296 68 484
Guangxi Zhuang AR 671231 746923 12.5 9337 11.8 4578 1778 2462 8817 1381 41 0 1422 1540 43 0 1582 509 376 370 1256 118 13 0 131 477 420 165 1062 39 76 147 263 196 153 892 1242 137 416 74 628
Guizhou 455855 507260 21.2 10754 20.0 5199 2192 2765 10156 1682 50 0 1732 1666 46 0 1712 422 255 323 1000 95 11 0 105 668 785 219 1672 86 247 240 573 257 176 973 1407 156 352 83 591
Hainan 129984 144642 17.5 2531 16.5 1236 496 658 2390 398 12 0 410 406 11 0 417 113 73 88 274 25 3 0 28 146 156 47 349 17 42 52 110 63 41 236 339 37 98 20 155
Hebei 953232 1060723 13.8 14638 13.0 7183 2795 3846 13824 2226 66 0 2292 2405 67 0 2472 754 537 568 1859 172 19 0 191 774 726 258 1758 71 150 252 473 332 237 1393 1962 215 639 115 970
Heilongjiang 263049 292712 12.6 3688 11.9 1809 702 972 3483 547 16 0 563 608 17 0 625 200 147 146 494 46 5 0 51 189 167 65 421 16 31 59 105 78 60 352 491 54 164 29 248
Henan 1154579 1284776 13.3 17088 12.6 8384 3258 4496 16137 2574 77 0 2651 2812 78 0 2891 899 649 669 2218 206 23 0 229 892 818 301 2010 79 162 285 526 378 278 1630 2285 252 754 135 1140
Hubei 641421 713751 12.5 8922 11.8 4374 1699 2353 8426 1320 39 0 1359 1471 41 0 1512 487 359 354 1200 112 12 0 125 456 402 157 1015 38 73 141 252 187 146 852 1186 131 398 71 600
Hunan 899743 1001203 11.1 11113 10.5 5433 2121 2942 10495 1574 47 0 1621 1832 51 0 1883 646 499 445 1590 152 17 0 169 545 443 200 1187 39 67 156 263 206 187 1060 1454 163 497 88 749
Jiangsu 748567 832979 6.2 5164 5.9 2407 1094 1376 4877 501 15 0 516 788 22 0 810 361 371 164 896 110 12 0 122 211 79 132 422 7 4 33 44 32 112 416 560 72 167 41 280
Jiangxi 595270 662396 17.1 11327 16.1 5537 2211 2948 10697 1779 53 0 1832 1823 51 0 1873 511 336 399 1246 115 13 0 128 648 684 209 1541 72 180 227 479 279 182 1057 1518 166 447 88 701
Jilin 147445 164072 8.4 1378 7.9 663 271 367 1302 169 5 0 174 222 6 0 229 90 78 52 221 23 3 0 26 62 39 28 128 3 4 14 21 17 26 126 169 20 57 11 88
Liaoning 267321 297465 8.7 2588 8.2 1248 506 689 2444 323 10 0 333 419 12 0 431 168 143 100 411 42 5 0 47 117 77 51 245 6 8 27 41 33 47 239 320 37 109 21 167
Neimenggu (Inner Mongolia) AR 223937 249189 15.4 3838 14.5 1881 739 1004 3624 596 18 0 614 625 17 0 643 185 127 143 454 42 5 0 46 211 211 69 491 21 50 72 143 92 62 362 516 56 161 30 247
Ningxia Hui AR 85371 94997 18.4 1748 17.4 852 346 453 1651 275 8 0 284 278 8 0 286 75 48 59 182 17 2 0 19 103 113 33 249 12 32 37 80 43 28 162 233 26 65 14 105
Qinghai 81488 90677 21.7 1968 20.5 950 404 505 1858 307 9 0 316 303 8 0 312 76 45 58 179 17 2 0 19 123 146 41 311 16 47 44 107 47 32 177 256 28 63 15 106
Shaanxi (Qin) 376226 418651 16.2 6782 15.3 3321 1314 1770 6405 1060 32 0 1092 1099 31 0 1129 317 213 246 776 71 8 0 79 380 390 123 893 40 97 132 269 165 109 637 911 100 277 53 429
Shandong 1107812 1232734 9.9 12204 9.3 5936 2348 3242 11525 1640 49 0 1688 2001 56 0 2057 750 605 485 1840 182 20 0 202 576 428 227 1230 36 54 151 241 195 212 1153 1561 178 537 97 812
Shanghai 196139 218257 6.9 1506 6.5 711 309 402 1422 160 5 0 165 235 7 0 242 104 100 52 256 30 3 0 33 63 30 35 129 2 2 11 16 12 31 129 171 21 54 12 87
Shanxi (Jin) 391356 435487 10.3 4486 9.7 2186 860 1190 4236 614 18 0 633 737 21 0 758 271 215 179 665 65 7 0 72 214 165 82 461 14 22 58 94 76 77 426 579 66 199 36 300
Sichuan 801068 891401 15.3 13638 14.4 6686 2625 3568 12880 2116 63 0 2179 2223 62 0 2285 660 453 509 1621 149 17 0 166 749 745 244 1737 76 174 254 504 327 219 1288 1834 201 573 107 881
Tianjin 119454 132924 7.7 1024 7.3 489 205 273 967 118 4 0 122 163 5 0 168 69 62 37 169 18 2 0 20 45 25 22 92 2 2 9 13 10 20 91 122 15 40 8 63
Xinjiang Wei AR 356169 396332 32.1 12722 30.3 5894 2993 3127 12015 1775 53 0 1827 1744 49 0 1793 377 188 231 796 86 10 0 96 937 1320 371 2628 143 507 301 950 209 237 1039 1485 177 209 94 479
Xizang (Tibet) AR 48860 54370 41.5 2256 39.2 1004 604 523 2131 273 8 0 282 278 8 0 285 55 24 26 105 13 1 0 15 186 290 89 565 29 115 49 193 24 48 163 235 18 27 16 61
Yunnan 588773 655166 19.6 12841 18.5 6239 2571 3318 12127 2020 60 0 2080 2021 56 0 2077 531 331 412 1273 119 13 0 132 774 875 251 1899 95 260 277 632 315 208 1177 1700 187 455 100 742
Zhejiang 549299 611241 8.0 4890 7.6 2343 971 1304 4618 579 17 0 596 784 22 0 806 326 289 182 798 86 10 0 95 215 129 102 446 10 11 46 67 54 93 442 589 70 196 39 306
Total China (1) 15030957 16725928 217569 105373 43290 56807 205470 31333 932 0 32265 34668 965 0 35633 11067 8214 7642 26924 2645 294 0 2938 11801 11507 4336 27645 1153 2863 3673 7689 4302 3722 20002 28027 3149 8411 1704 13265




Appendix Table 11 Detailed estimates for the year 2014 
 
PROVINCE LIVE BIRTHS LIVE BIRTHS U5MR TOTAL dths U5MR
(1-31) (Ch.Bu.Stat. 2013) (Fitted to UN 2014) (IHME 2013) (UN+IHME) (CHERG 2014) Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total
Anhui 773946 873371 12.8 11179 11.2 5129 1972 2680 9781 1505 45 0 1550 1709 48 0 1756 590 438 405 1433 135 15 0 151 525 440 180 1145 41 78 152 271 209 172 988 1368 154 464 80 698
Beijing 186820 210820 4.9 1033 4.3 430 229 245 904 68 2 0 70 133 4 0 137 64 85 21 171 26 3 0 29 36 -1 34 70 1 0 3 4 2 26 59 87 13 19 7 40
Chongqing 306693 346092 13.9 4811 12.2 2210 849 1150 4209 665 20 0 685 734 20 0 755 243 175 172 589 55 6 0 61 232 206 77 515 20 41 71 131 97 73 424 594 66 198 34 299
Fujian 458842 517787 9.6 4971 8.4 2250 898 1202 4349 583 17 0 601 748 21 0 769 300 250 175 725 74 8 0 83 212 141 88 441 11 16 49 76 63 83 427 573 67 195 36 299
Gansu 313712 354013 25.7 9098 22.5 4083 1775 2103 7960 1295 39 0 1333 1270 35 0 1306 311 176 221 708 69 8 0 76 554 677 182 1414 75 235 191 501 191 142 745 1078 122 239 63 425
Guangdong 1137295 1283398 6.7 8599 5.9 3755 1687 2082 7523 774 23 0 797 1215 34 0 1249 562 572 248 1382 170 19 0 188 329 123 200 652 10 7 50 67 50 173 642 865 113 257 62 432
Guangxi Zhuang AR 671231 757461 12.5 9468 10.9 4341 1671 2272 8284 1263 38 0 1301 1447 40 0 1487 506 379 344 1229 117 13 0 130 441 364 153 958 33 62 126 221 173 146 836 1155 130 393 68 592
Guizhou 455855 514417 21.2 10906 18.5 4962 2023 2556 9542 1589 47 0 1637 1590 44 0 1634 424 260 317 1000 93 10 0 104 616 687 193 1496 75 210 214 499 250 164 923 1337 149 357 77 583
Hainan 129984 146683 17.5 2567 15.3 1177 461 608 2246 372 11 0 383 385 11 0 396 113 75 85 272 25 3 0 28 135 136 42 313 14 35 45 94 59 38 223 320 35 97 18 151
Hebei 953232 1075689 13.8 14845 12.1 6820 2619 3549 12988 2049 61 0 2110 2267 63 0 2330 752 542 532 1826 171 19 0 189 716 630 237 1583 60 123 217 400 298 225 1310 1833 205 611 106 922
Heilongjiang 263049 296841 12.6 3740 11.0 1715 660 897 3272 501 15 0 515 572 16 0 588 199 149 136 483 46 5 0 51 175 145 60 380 13 25 50 88 69 58 330 457 51 155 27 234
Henan 1154579 1302903 13.3 17329 11.6 7957 3056 4149 15162 2364 70 0 2434 2648 74 0 2722 896 655 625 2176 204 23 0 227 825 709 278 1812 67 132 245 444 337 264 1531 2131 239 717 124 1080
Hubei 641421 723822 12.5 9048 10.9 4148 1597 2171 7916 1207 36 0 1243 1383 38 0 1421 484 362 329 1174 112 12 0 124 421 348 146 915 32 59 120 211 165 140 799 1104 124 376 65 565
Hunan 899743 1015329 11.1 11270 9.7 5144 2002 2714 9861 1429 43 0 1472 1716 48 0 1764 639 501 409 1549 151 17 0 168 504 381 188 1073 33 54 132 219 178 179 989 1346 154 463 81 699
Jiangsu 748567 844732 6.2 5237 5.4 2263 1054 1265 4582 439 13 0 452 726 20 0 746 343 368 141 852 110 12 0 122 196 57 132 385 5 3 27 35 25 111 372 507 68 143 38 249
Jiangxi 595270 671742 17.1 11487 15.0 5271 2056 2722 10050 1660 49 0 1709 1729 48 0 1777 512 341 383 1236 114 13 0 126 598 597 188 1383 62 150 199 411 261 171 999 1430 158 439 82 679
Jilin 147445 166387 8.4 1398 7.3 626 259 339 1223 150 4 0 155 207 6 0 212 88 78 47 213 23 3 0 26 57 33 27 117 3 3 12 17 14 25 116 154 19 51 10 80
Liaoning 267321 301662 8.7 2624 7.6 1179 482 636 2296 289 9 0 298 390 11 0 401 164 143 89 396 42 5 0 47 109 65 49 222 5 6 23 34 28 46 220 293 35 98 19 152
Neimenggu (Inner Mongolia) AR 223937 252705 15.4 3892 13.5 1789 690 927 3405 552 16 0 569 591 16 0 608 185 128 135 448 41 5 0 46 195 184 62 441 18 41 62 122 84 58 342 484 54 156 28 237
Ningxia Hui AR 85371 96338 18.4 1773 16.1 812 320 419 1551 258 8 0 266 264 7 0 272 75 49 57 181 17 2 0 19 95 99 30 223 10 27 32 69 41 26 153 220 24 65 13 102
Qinghai 81488 91956 21.7 1995 19.0 907 372 467 1746 290 9 0 299 290 8 0 298 76 46 57 180 17 2 0 19 114 128 36 278 14 40 40 93 46 30 168 244 27 64 14 105
Shaanxi (Qin) 376226 424558 16.2 6878 14.2 3159 1224 1634 6018 986 29 0 1015 1041 29 0 1069 317 216 235 767 71 8 0 78 351 340 111 803 35 81 115 230 153 102 601 857 95 270 49 414
Shandong 1107812 1250127 9.9 12376 8.7 5613 2226 2990 10829 1479 44 0 1523 1869 52 0 1921 737 607 440 1784 181 20 0 201 533 364 216 1114 30 43 127 200 164 205 1069 1439 168 492 90 750
Shanghai 196139 221336 6.9 1527 6.0 669 297 370 1336 141 4 0 145 217 6 0 223 100 99 45 244 29 3 0 33 59 24 34 117 2 1 9 13 10 30 116 156 20 47 11 78
Shanxi (Jin) 391356 441632 10.3 4549 9.0 2068 814 1098 3980 555 17 0 572 689 19 0 708 267 216 163 645 65 7 0 72 199 141 78 417 12 18 49 78 64 74 396 534 62 183 33 278
Sichuan 801068 903978 15.3 13831 13.4 6357 2451 3294 12101 1960 58 0 2019 2102 59 0 2160 660 458 482 1600 148 16 0 164 692 649 222 1562 64 144 221 430 299 207 1214 1720 191 555 99 845
Tianjin 119454 134800 7.7 1038 6.7 461 196 252 908 105 3 0 108 151 4 0 155 67 62 33 162 18 2 0 20 41 21 21 83 2 2 8 11 8 19 83 111 14 36 8 57
Xinjiang Wei AR 356169 401924 32.1 12902 28.1 5655 2723 2911 11288 1721 51 0 1772 1684 47 0 1731 379 193 238 810 85 9 0 94 862 1161 315 2337 127 442 278 848 219 216 999 1434 170 233 87 490
Xizang (Tibet) AR 48860 55137 41.5 2288 36.3 966 544 491 2002 269 8 0 277 270 8 0 278 56 25 28 108 13 1 0 14 171 255 75 501 26 102 47 175 26 43 159 229 19 30 15 64
Yunnan 588773 664410 19.6 13022 17.1 5949 2379 3066 11394 1900 57 0 1957 1924 54 0 1978 532 337 401 1270 117 13 0 131 714 766 223 1702 82 219 246 547 302 194 1114 1610 178 456 92 726
Zhejiang 549299 619865 8.0 4959 7.0 2210 927 1202 4339 515 15 0 531 727 20 0 748 316 289 162 766 85 9 0 95 200 106 99 405 8 8 38 55 44 90 404 538 66 175 36 277
Total China (1) 15030957 16961912 220639 100075 40514 52459 193048 28935 861 0 29796 32688 910 0 33598 10955 8272 7154 26381 2624 292 0 2916 10906 9975 3976 24857 989 2407 3200 6596 3927 3532 18751 26210 2992 8035 1574 12602




Appendix Table 12 Detailed estimates for the year 2015 
 
PROVINCE LIVE BIRTHS LIVE BIRTHS U5MR TOTAL dths U5MR
(1-31) (Ch.Bu.Stat. 2013) (Fitted to UN 2015) (IHME 2013) (UN+IHME) (CHERG 2015) Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total Neonatal 1m-1yr 1yr-4yr Total
Anhui 773946 874727 12.8 11197 10.5 4784 1859 2558 9200 1382 41 0 1423 1606 45 0 1651 569 436 387 1392 133 15 0 148 480 389 173 1042 35 61 136 232 182 164 929 1275 144 436 77 656
Beijing 186820 211147 4.9 1035 4.0 397 221 232 850 59 2 0 61 122 3 0 126 59 83 19 160 26 3 0 29 33 -5 36 64 1 0 3 3 2 26 51 79 12 16 7 35
Chongqing 306693 346629 13.9 4818 11.4 2063 798 1098 3959 613 18 0 632 692 19 0 711 234 174 166 574 54 6 0 60 213 182 74 468 17 32 64 113 86 69 400 555 62 188 33 282
Fujian 458842 518591 9.6 4978 7.9 2092 853 1145 4091 528 16 0 543 698 19 0 718 286 248 163 697 73 8 0 81 194 121 87 403 10 12 43 64 52 80 396 529 63 178 34 275
Gansu 313712 354562 25.7 9112 21.1 3835 1639 2013 7487 1231 37 0 1268 1213 34 0 1247 302 177 224 704 67 7 0 75 505 605 166 1276 67 199 179 445 186 131 710 1027 115 244 60 420
Guangdong 1137295 1285390 6.7 8612 5.5 3480 1619 1977 7076 687 20 0 708 1125 31 0 1156 527 562 224 1313 168 19 0 186 302 94 202 598 8 4 43 56 39 170 580 789 104 225 59 388
Guangxi Zhuang AR 671231 758637 12.5 9483 10.3 4048 1576 2168 7792 1158 34 0 1193 1359 38 0 1397 487 377 328 1192 115 13 0 128 403 321 148 872 28 48 113 189 150 140 786 1075 121 369 65 555
Guizhou 455855 515216 21.2 10923 17.4 4652 1879 2443 8975 1497 45 0 1541 1512 42 0 1554 411 261 316 988 92 10 0 102 562 613 179 1353 66 175 198 438 236 153 878 1267 140 355 73 568
Hainan 129984 146911 17.5 2571 14.4 1102 430 580 2112 347 10 0 357 365 10 0 375 109 75 83 267 25 3 0 27 123 121 40 284 12 29 41 82 54 36 211 301 33 94 17 145
Hebei 953232 1077359 13.8 14868 11.3 6366 2463 3388 12216 1888 56 0 1944 2134 59 0 2194 726 541 512 1778 168 19 0 186 654 558 227 1440 52 98 195 344 263 214 1235 1712 191 579 102 872
Heilongjiang 263049 297302 12.6 3746 10.4 1600 622 856 3078 459 14 0 473 537 15 0 552 192 148 130 469 45 5 0 50 160 128 58 346 11 19 45 76 60 55 310 425 48 146 26 219
Henan 1154579 1304925 13.3 17356 10.9 7424 2877 3959 14261 2174 65 0 2239 2491 69 0 2560 864 653 599 2116 201 22 0 223 754 627 267 1648 57 104 220 380 295 252 1441 1988 223 677 119 1018
Hubei 641421 724945 12.5 9062 10.3 3868 1506 2071 7446 1107 33 0 1140 1299 36 0 1335 466 360 313 1139 110 12 0 122 385 307 141 833 27 46 108 181 144 133 751 1028 116 352 62 531
Hunan 899743 1016905 11.1 11288 9.1 4791 1894 2589 9275 1303 39 0 1341 1608 45 0 1652 613 497 386 1497 149 17 0 166 462 333 183 978 28 41 117 186 152 172 924 1248 144 429 78 650
Jiangsu 748567 846043 6.2 5245 5.1 2096 1014 1200 4310 388 12 0 400 670 19 0 689 319 361 126 807 109 12 0 121 180 40 134 353 4 2 23 29 19 109 333 461 63 123 36 222
Jiangxi 595270 672785 17.1 11505 14.1 4931 1922 2600 9453 1546 46 0 1592 1636 46 0 1681 496 341 375 1212 112 12 0 124 546 532 176 1254 54 122 181 357 238 161 947 1345 148 426 78 652
Jilin 147445 166645 8.4 1400 6.9 581 247 322 1150 135 4 0 139 192 5 0 198 84 77 43 204 23 3 0 25 52 27 27 107 2 2 10 14 11 24 107 142 17 46 10 73
Liaoning 267321 302130 8.7 2629 7.1 1095 459 605 2160 260 8 0 268 363 10 0 373 156 141 82 379 42 5 0 46 99 55 49 203 4 4 20 28 23 44 203 270 33 88 18 139
Neimenggu (Inner Mongolia) AR 223937 253097 15.4 3898 12.7 1671 647 885 3203 512 15 0 527 558 16 0 573 179 128 131 438 41 5 0 45 178 163 59 401 16 33 56 105 76 55 323 454 50 149 27 226
Ningxia Hui AR 85371 96487 18.4 1775 15.1 760 299 400 1459 241 7 0 248 251 7 0 258 73 49 56 178 16 2 0 18 87 88 28 202 9 22 29 60 38 25 145 208 23 63 12 98
Qinghai 81488 92099 21.7 1999 17.8 850 345 446 1642 274 8 0 282 276 8 0 283 74 47 57 178 16 2 0 18 104 114 33 251 12 33 37 82 43 28 160 231 26 64 13 103
Shaanxi (Qin) 376226 425217 16.2 6889 13.3 2954 1146 1560 5660 916 27 0 943 983 27 0 1011 307 215 229 751 69 8 0 77 321 303 105 728 30 65 104 199 138 97 569 804 89 260 47 396
Shandong 1107812 1252068 9.9 12395 8.1 5222 2113 2850 10185 1340 40 0 1380 1746 49 0 1794 705 601 411 1717 178 20 0 198 489 316 213 1017 25 32 112 169 138 198 994 1329 157 450 86 693
Shanghai 196139 221680 6.9 1530 5.7 620 285 352 1257 125 4 0 129 201 6 0 207 94 98 41 232 29 3 0 32 54 18 35 107 2 1 8 11 8 30 105 142 19 41 11 71
Shanxi (Jin) 391356 442317 10.3 4556 8.5 1925 772 1047 3743 504 15 0 519 644 18 0 662 255 214 153 622 64 7 0 71 182 122 76 381 10 13 43 66 54 71 368 494 58 169 31 258
Sichuan 801068 905381 15.3 13852 12.6 5940 2298 3144 11382 1816 54 0 1870 1984 55 0 2039 638 458 468 1564 145 16 0 161 632 576 210 1419 56 116 200 371 268 196 1148 1612 178 531 94 804
Tianjin 119454 135009 7.7 1040 6.3 428 187 239 854 94 3 0 97 140 4 0 144 63 61 30 155 18 2 0 20 38 17 21 76 1 1 7 9 7 19 76 102 13 32 7 52
Xinjiang Wei AR 356169 402548 32.1 12922 26.4 5324 2499 2795 10617 1655 49 0 1704 1618 45 0 1663 369 196 247 812 83 9 0 92 784 1037 282 2103 114 383 265 762 220 198 958 1377 160 248 84 491
Xizang (Tibet) AR 48860 55223 41.5 2292 34.1 912 496 475 1883 263 8 0 270 261 7 0 268 54 26 30 110 13 1 0 14 155 228 66 449 24 90 46 160 27 39 155 222 20 31 14 65
Yunnan 588773 665441 19.6 13043 16.1 5573 2215 2929 10717 1782 53 0 1835 1827 51 0 1878 516 338 397 1251 115 13 0 128 651 683 207 1541 72 181 226 479 281 182 1058 1521 167 449 88 704
Zhejiang 549299 620827 8.0 4967 6.6 2051 886 1144 4081 462 14 0 476 676 19 0 695 299 285 148 732 84 9 0 93 183 88 99 371 7 6 33 46 36 88 370 494 62 156 34 252
Total China (1) 15030957 16988246 220981 93435 38066 50073 181574 26748 796 0 27544 30788 857 0 31645 10527 8227 6874 25628 2582 287 0 2869 9966 8803 3801 22570 861 1976 2902 5738 3524 3360 17623 24507 2795 7614 1502 11912
Diarrhea Accidents SIDSNumber of deaths in each province by age group Birth Asphyxia Preterm birth Congenital disorders Neonatal sepsis Pneumonia
